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Preface 


Imaging in medicine has been, and will likely remain for the foreseeable future, the 
primary modality for identification of altered structure due to disease processes. As 
a noninvasive, safe and relatively inexpensive imaging modality, Ultrasound has 
been embraced by many medical specialties as the “go to” technology. 

The superficial location of the testis and phallus make them ideal for high reso- 
lution ultrasound evaluation. Ultrasound has become an essential tool for urologic 
evaluation. It is also a cost effective option that gives real time information to assist 
the Urologist in rapidly diagnosing pathology. 

With ever changing technology and regulatory requirements, this book was en- 
visaged to provide a compendium of information for the sonographer, Resident or 
practicing Urologist interested in diagnostic imaging of the male genitalia. The au- 
thors have included a good number of figures, schematics and ultrasound images to 
complement the text. However, expertise in ultrasound requires “Hands On” train- 
ing for which courses are available which give CME credit that can be applied to 
Urology Practice Accreditation (see Chap. 7) through the American Urological As- 
sociation (AUA, auanet.org) and the American Institute for Ultrasound in Medicine 
(ATIUM, aium.org). 

We begin our journey with the history and physical science of ultrasound. I be- 
lieve a solid foundation in the physical principles of ultrasound is essential to pro- 
duce optimal ultrasound studies. We then proceed with the basics of imaging and 
specific applications for scrotal and penile ultrasound. We have included a chap- 
ter on Urology practice accreditation recently developed by and instituted by the 
AIUM. We end with a chapter that provides standard protocols for imaging the male 
genitalia. I have found that an organized approach to the ultrasound examination 
provides the framework for both the novice and experience sonographer to assure 
that the organ of interest is completely examined. In addition, the protocols include 
the images and measurements often required by accrediting authorities to appropri- 
ately describe the organ being interrogated. 

Ultrasound has often been referred to as the Urologist’s Stethoscope because 
much of the genitourinary system is not easily evaluated by physical examination 
and requires imaging for diagnosis. Although, the male genitalia’s external location 
lends itself to physical examination, ultrasound identification of pathology often 
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requires imaging with ultrasound being the primary imaging modality required for 
diagnosis. Therein lies one of the unique aspects of ultrasound studies performed 
and interpreted by Urologists. The mandate to examine the patient, coupled with the 
Urologist’s experience in both surgical and medical treatment engenders an unpar- 
alleled ability to meld the healer’s art with advanced imaging technology. It is my 
fervent hope that this text might encourage many Urologists to embrace the art and 
science of ultrasound in their mission to provide excellence in patient care. 


B. R. Gilbert, MD, PhD 
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Chapter 1 
History of Ultrasound 


Nikhil Waingankar, Etai Goldenberg and Bruce R. Gilbert 


Ultrasound is the portion of the acoustic spectrum characterized by sonic waves that 
emanate at frequencies greater than that of the upper limit of sound audible to hu- 
mans, 20 kHz. A phenomenon of physics that is found throughout nature, ultrasound 
is utilized by rodents, dogs, moths, dolphins, whales, frogs, and bats for a variety 
of purposes, including communication, evading predators, and locating prey [1—4]. 
Lorenzo Spallazani, an eighteenth century Italian biologist and physiologist, was 
the first to provide experimental evidence that nonaudible sound exists. Moreover, 
he hypothesized the utility of ultrasound in his work with bats by demonstrating that 
bats use sound rather than sight to locate insects and avoid obstacles during flight; 
this was proven in an experiment where blind-folded bats were able to fly without 
navigational difficulty while bats with their mouths covered were not. He later de- 
termined through operant conditioning that the Eptesicus fuscus bat can perceive 
tones between 2.5 and 100 kHz [5, 6]. 

The human application of ultrasound began in 1880 with the work of brothers 
Pierre and Jacques Curie, who discovered that when pressure is applied to certain 
crystals, they generate electric voltage [7]. The following year, Gabriel Lippmann 
demonstrated the reciprocal effect, that crystals placed in an electric field become 
compressed [8]. The Curies demonstrated that when placed in an alternating electric 
current, the crystals either underwent expansion or contraction, and produced high 
frequency sound waves, thus creating the foundation for further work on piezo- 
electricity. Pierre Curie met his future wife, Marie—with whom he later shared the 
Nobel Prize for their work on radioactivity [9]—in 1894, when Marie was searching 
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for a way to measure the radioactive emission of uranium salts. She turned to the 
piezoelectric quartz crystal as a solution, combining it with an ionization chamber 
and quadrant electrometer marking the first time piezoelectricity was used as an 
investigative tool [10]. 

Ultrasound was not used as a diagnostic modality in human tissue until 1936, 
when German scientist Raimar Pohlman described a converter capable of taking 
acoustic waves and displaying this “acoustic image” as a visual entity. In 1940, 
Austrian neurologist Karl Dussik attempted to map the human brain and locate 
brain tumors using partially immersed transducers that were placed on each side 
of a patient’s head. At a frequency of 1.2 MHz, Dussik’s “hyperphonography” was 
able to produce low resolution “ventriculograms” [11]. 

In 1949, John Wild, a surgeon who had spent time in World War II treating 
numerous soldiers with abdominal distention following explosions, used military 
aviation-grade ultrasonic equipment to measure bowel thickness as a noninva- 
sive tool to determine the need for surgical intervention. He later used A-mode, or 
amplitude-mode, comparisons of normal and cancerous tissue to demonstrate that 
ultrasound could be useful in the detection of cancer growth. Wild teamed up with 
engineer John Reid to build the first portable “echograph” for use in hospitals and 
also to develop a scanner that was capable of detecting breast and colon cancer by 
using pulsed waves to allow display the location and reflectivity of an object, a mode 
that would later be described as “brightness mode” or simply B-mode [12-14]. 

The use of ultrasound in obstetrics and gynecology began in 1954 when Ian 
Donald became interested in the use of A-mode, which uses a single transducer to 
plot echoes on a screen as a function of depth; one of the early uses of this was to 
differentiate solid from cystic masses. Using a borrowed flaw-detector, he initially 
found that the patterns of the two masses were sonically unique. Working with the 
research department of an atomic boilermaker company, he led a team that devel- 
oped the first contact scanner. Obviating the need for a large water bath, this device 
was hand-operated and kept in contact with skin and coupled with olive oil. Cap- 
tured on Polaroid film with an open shutter, abdominal masses could be reliably and 
reproducibly differentiated using ultrasound. Three years later, Donald collaborated 
with his team of engineers to develop a means to measure distances on the output 
on a cathode ray tube, which was subsequently used to determine fetal head size 
[12, 15, 16]. 


History of Doppler Ultrasound 


In 1842, Christian Johann Doppler theorized that the frequency of light received at 
a distance from a fixed source is different than the frequency emitted if the source 
is in motion [17]. More than 100 years later, this principle was applied to sound by 
Satomura in his study on cardiac valvular motion and peripheral blood vessel pulsa- 
tion [18]. In 1958, Seattle pediatrician Rushmer and his team of engineers further ad- 
vanced the technology with their development of transcutaneous continuous-wave 
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flow measurements and spectral analysis in peripheral and extracranial brain ves- 
sels [19]. Real-time imaging—developed in 1962 by Homes—was born out of the 
principal of “compounding,” which allowed the sonographer to sweep the trans- 
ducer across the target to continuously add information to the scan; the phosphor 
decay display left residual images from the prior transducer position on the screen, 
allowing the entire target to be visualized [12]. The first commercially available 
real-time scanner was produced by Siemens, and its first published use was in the 
diagnosis of hydrops fetalis [20, 21]. 

The addition of color flow mapping to Doppler ultrasound allowed real-time 
mapping of blood flow patterns [22]. The limitations of color flow, including angle- 
dependence and difficulty assessing flow in slow-flow states, were soon appreciat- 
ed. These were overcome with the advent of an alternative form of Doppler, termed 
“Power Doppler.” This alternative to routine color flow was found to be useful in 
confirming or excluding difficult cases of testicular or ovarian torsion and vascular 
thrombosis [23]. All of the preceding developments set the stage for the use of ul- 
trasound in the diagnosis of penile and scrotal pathology. 


History of Penile Ultrasound 


The earliest reports on the use of ultrasound of the penis were for the diagnoses 
of Peyronie’s disease and for impotence in 1971 and 1973, respectively. Malvar, 
Baron, and Clark used Doppler ultrasound to study penile blood flow in 36 patients. 
The three main penile arteries were studied, and a scoring system was devised 
where each artery was scored 0-3, where 0 was “no flow,” 1 was a “low pitched 
dull sound with small elevation on the recorder,” 2 was a “high pitched single sound 
with intermediate deflection,” and 3 points were given when the “flow sounds and 
signals approximated that of the radial artery.” Potent patients demonstrated an av- 
erage score of 5.6 while impotent patients had an average score of 4.6. The authors 
conclude that ultrasound was sufficient to diagnose patients with penile arterial in- 
sufficiency [24] (Fig. 1). 

Engel, Burnham, and Carter took this principle one step further and compared 
penile blood pressure to brachial blood pressure, using Doppler signal to confirm 
direction of arterial flow. They found a significant difference in penile-brachial 
index between impotent and normal patients, and concluded that ultrasound and 
blood pressure could be used as additional objective criteria to segregate organic 
from psychogenic impotence [25]. Velcek et al. further elucidated the concept of 
penile vascular insufficiency with their concept of penile-radial flow index. In this 
study, they compared arterial acceleration—defined as peak velocity over pulse rise 
time—between the penile arteries (averaged) and the radial artery. They found that 
impotent men had a flow index of 21.7 compared with normal men who had a flow 
index of 3.4. Penile vascular compromise was thus reflected by a decreased peak 
velocity, or prolonged pulse rise time with blunted velocity [26]. 
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Fig. 1 Penile blood flow 
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In 1981, multiple investigators sought to better evaluate patients with Peyronie’s 
disease using ultrasound imaging. Altaffer and Jordan at the Naval Regional Medi- 
cal Center, and Fleischer and Rhamy at Vanderbilt simultaneously published case 
reports totaling three patients where ultrasound was used to visualize echogenic 
lesions with posterior shadowing between Buck’s fascia and the tunica albuginea 
[27, 28]. Areas of normal penile shaft were easily discerned from areas affected 
by Peyronie’s disease, and noncalcified plaques could be discerned from calcified 
plaques based on the absence or presence of posterior shadowing. The authors of 
each study concluded that sonography can be used to better evaluate patients for 
potential medical therapy. The same year, Gelbard et al. reported a case series of 13 
patients with Peyronie’s disease who were evaluated with ultrasound. In this study, 
they devised a complex penile water bath to remove the air interface, which resulted 
in a clearer resolution picture. Based on this study, they reported that precise mea- 
surement of plaques may not be necessary, but can be useful in tracking patients 
who undergo treatment for Peyronie’s disease [29] (Fig. 2). 

Dierks and Hawkins used penile ultrasound in 1983 to assist with their man- 
agement of penile fracture. In this case report, a 26-year-old male experienced a 
traumatic bending of his erect penis, resulting in a “pop” sound followed by rapid 
detumescence and swelling. After an initial course of failed observation, ultrasound 
was performed and a large hematoma was seen as an echolucent mass with internal 
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Fig. 2 Ultrasound of Peyro- 
nie’s plaque. An echodense 
plaque (solid arrows) is 
imaged both in the longitudi- 
nal and transverse projection. 
Note the posterior shadow- 
ing suggestive of a calcified 
plaque (open arrows) 
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echoes and average through transmission. No definite tears were seen, but the pa- 
tient was taken to the operating room (OR) for exploration, where the hematoma 
was evacuated and a small tunica alubinea tear was found. The authors made four 
recommendations based on this case to be applied to any case of penile trauma: 
(1) The entire tunica albuginea should be imaged to evaluate for tears, including 
proximally, (2) The entire corpora should be imaged for breaks or cystic collec- 
tions, (3) The urethra and spongiosum should be imaged, and (4) Dimensions of the 
hematoma should be described [30]. 


History of Scrotal Ultrasound 


One of the earliest uses of ultrasound for the scrotum was for the diagnosis of tes- 
ticular torsion. In 1976, Perri et al. attempted to improve upon the contemporary 
overall testicular salvage rate of 25-37% in cases of torsion with the use of their 
“Doppler stethoscope.” In this study, an ultrasound device that emitted Doppler 
signal was scanned over the scrotum, while the operator listened to the received 
signal with the attached stethoscope. This was done on 30 patients who presented 
with scrotal pain: 23 were diagnosed with epididymo-orchitis, as determined clini- 
cally and by increased blood flow on Doppler; the remaining 7 were explored, of 
which 3 had torsion and 4 had torsed appendix testes. The authors concluded that 
Doppler has an important role in the differentiation between infectious and vascular 
etiologies, and that in the future it will have a role in differentiating torsed spermatic 
cord from appendix testis. Moreover, in the three cases of true testicular torsion, 
two were salvaged and this was confirmed intraoperatively by Doppler. The single 
case where orchiectomy was performed was presumed to be an in utero torsion [31]. 

Scrotal trauma was evaluated for the first time with ultrasound in the early 
1980s. Albert reported three cases of direct scrotal trauma where ultrasound demon- 
strated increased echoes within the tunica albuginea, suggestive of hematoma and 
tunica disruption. All three cases were confirmed on exploration, with hematoma 
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evacuation and primary repair of the tunica performed in two cases, and orchiec- 
tomy in one case where the testis was no longer viable presumably due to delay 
in presentation. The author reported that ultrasound was fast and easy to interpret 
in the diagnosis of scrotal trauma, given that normal testicles are homogeneous in 
echotexture while hematomas appear as areas of dense, heterogeneous echoes [32]. 

The first case series reporting the use of ultrasound in the diagnosis of vari- 
coceles in men presenting with subfertility came in 1977 out of the University of 
Pennsylvania. In this study, Greenburg et al. examined 46 men, divided into a group 
of patients with varicoceles found on physical examination, oligospermic men with 
no palpable varicocele, and patients who were status post-varicocele ligation. All 
men had “Doppler stethoscope” examinations performed. All patients with clini- 
cally obvious varicoceles had Doppler exams that confirmed these findings; large 
varicoceles were found to demonstrate continuous non-pulsatile “hums” as the 
patient breathed quietly, and regurgitant flow as the patient performed a Valsalva 
maneuver. Of the group with oligospermia but no clinically palpable varicocele, 
Doppler found patterns similar to those of the first group in 5 out of 13 patients. 
All five patients had sperm densities similar to the first group, whereas all of the 
remaining eight patients had sperm densities within normal limits. Finally, in the 
group of five patients who were status post varicocelectomy, three demonstrated 
normal semen parameters, and concordantly, had normal sonographic findings. The 
remaining two patients had persistent abnormalities in their semen analysis, along 
with flow patterns reflective of persistent varicoceles [33]. 

The use of ultrasound for the diagnosis of scrotal masses was also explored in 
1977, when three institutions reported their case series along with detailed sono- 
graphic findings. Kohiri et al. reported findings of 18 patients with scrotal masses, 
including 7 hydroceles, 3 tumors, 3 cases of epididymo-orchitis, 2 torsed testicles, 
and 1 traumatic injury [34]. Ultrasound correctly diagnosed 16 out of 18, failing to 
correctly diagnose both cases of torsion (Fig. 3). 

The same year, Shawker reported his series of 14 patients with scrotal masses 
palpated on exam. Ultrasound correctly diagnosed 11 hydroceles, one case of epi- 
didymitis with reactive hydrocele, one indirect inguinal hernia, and one hematocele 
[35]. Finally, Gottesman et al. described the combined series from University of 
California, Los Angeles (UCLA) and Rush, which included 27 patients, of which 
20 were referred for palpable scrotal mass, 4 for pain, and 3 for a finding of en- 
larged retroperitoneal lymph nodes. Of the 54 testicles assessed in the study, 25 
were normal, and Ultrasound was able to correctly diagnose 27 of the remaining 29 
abnormalities. In all, 21 sonograms demonstrated extratesticular lesions, while the 
remaining 6 were testicular tumors. The two indeterminate cases were a hemorrhag- 
ic hydrocele and a large sarcoma [36]. Each series, along with a review article by 
Miskin et al. described similar sonographic findings in each type of scrotal pathol- 
ogy: (1) Hydroceles appear as a normal testis surrounded by sonolucent fluid, (2) 
Masses demonstrate normal echogenicity in a portion of the testicle, while the space 
occupied by the mass demonstrates a cluster of internal echoes, (3) Epididymitis ap- 
pears as clustered echoes separate from the testicle itself, (4) Hernias demonstrate 
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Fig. 3 Three ultrasound scans of testis and hydrocele [34]. Case 1: Longitudinal B-scan shows the 
clear echo-free large hydrocele (H) lying anterior to a testicle (T). Case 2: A-scan demonstrated 
that there are no internal echoes. On B-scan, the pattern was almost similar to case 1. Case 3: The 
testis (T) is surrounded by fluid (F). At surgery the cryptorchidism with hydrocele and varicocele 
was found 
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Fig. 4 A-scan ultrasound of normal testis (/eft) vs neoplasm (right) [34] 


a lack of posterior wall echoes, indicating the presence of gas, (5) Abscesses show 
areas of lucency intermixed with areas of increased echoes within the testicle, (6) 
Varicoceles demonstrate clustered echoes with non-pulsatile waveform on Doppler, 
and (7) Spermatoceles appear as sonolucent cystic masses at the upper pole of the 
testicle [34-37] (Fig. 4). 
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Conclusion 


The history of ultrasound is quite extensive and has involved a number of ground- 
breaking discoveries and new applications of basic physical principles. These find- 
ings have ultimately led to the routine use of ultrasound in the Urologist’s office in 
the diagnosis of penile and scrotal pathology. As technology has evolved and ultra- 
sound has become more reliable, it has slowly gained acceptance as an extension of 
the physical examination of a patient. Although this chapter was intended to serve 
as homage to the innovators of the past, it also serves to acknowledge that future 
work in the development of new applications for ultrasound will always be needed. 
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Chapter 2 
Embryology Relevant to Ultrasound Imaging 
of the Male Genitalia 


Gideon Richards and Bruce R. Gilbert 


A basic understanding of the embryologic development of the male genitalia and 
the male genital blood supply helps guide the interpretation of many abnormalities 
in both scrotal and penile ultrasound. Presented in this chapter is the embryology 
relevant to the ultrasound evaluation of male genitalia. There are many excellent 
textbooks available which present the known elements of male genitourinary de- 
velopment, should the reader desire a comprehensive treatise on the subject [1—4]. 


Early Genital Developmental Anatomy 


In the 3-week-old embryo (Fig. 1), primordial germ cells, originating in the wall of 
the yolk sac near the attachment of the allantois, migrate along the wall of the hind- 
gut and through the dorsal mesentery into the urogenital ridge. The urogenital ridge 
is a protrusion of intermediate mesoderm that indents the coelomic cavity (precur- 
sor to the peritoneal cavity) on each side of the mesentery. The kidney precursors, 
gonads, and the proximal portions of the reproductive tracts develop from the uro- 
genital ridge. The unilateral absence of the male reproductive ducts or gonad and 
reproductive ducts is associated with ipsilateral absence of the kidney in 20-85 % 
of cases [5]. It is, therefore, reasonable to evaluate the retroperitoneum for the pres- 
ence of a kidney in a patient where the unilateral reproductive ducts are absent on 
ultrasound evaluation. 

In the 5-week-old embryo (Fig. 2), the two early excretory organ systems (the 
pronephros and mesonephros) begin to regress. The mesonephros constitutes the 
lateral portion of the urogenital ridge and consists of mesonephric tubules that inter- 
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Fig. 1 Primordial germ cells at their location in yolk-sac as they begin their migration (a). The 
primordial germ cells migrating through the mesentery to the genital portion of the urogenital ridge 
bulging into the coelomic cavity (b) modified after Moore et al. [2] 


Metanephric system 


Fig. 2 Development of the early excretory system. Regression of the pronephros (a) and meso- 
nephros (b) with the development of the metanephric system modified after Moore et al. [2] 


act with glomeruli-like vessels extending from the aorta at one end, and drain into 
a mesonephric duct at the other end. The regression begins at the cranial aspects 
and continues toward the caudal end where the duct joins the cloaca (and at what 
will eventually diverge from the cloaca into the urogenital sinus). The ureteric bud 
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Fig. 3 The reproductive ducts and their relationship to the developing gonads after the incorpora- 
tion of the distal mesonephric ducts into the urogenital sinus modified after Moore et al. [2] 


(also referred to as the metanephric diverticulum) develops as a dorsal bud of the 
mesonephric duct near its insertion into the cloaca. The metanephros (precursor to 
the adult kidney) forms from the interaction of the metanephric diverticulum and a 
region of cells in the intermediate mesoderm known as the metanephric cell mass. 

At 7 weeks (Fig. 3), the embryo is devoid of phenotypic manifestations of sexual 
differentiation. There are two roughly parallel pairs of genital ducts: in addition to 
the mesonephric (Wolffian) ducts, there are the paramesonephric (Millerian) ducts, 
which are located more laterally. Along the medial portion of the urogenital ridge, 
cords of coelomic epithelium termed sex cords have invaginated in to the ridge and 
house the primordial germ cells. This portion of the urogenital ridge becomes the 
gonadal ridge and the most superficial aspects of the sex cord regress to completely 
separate the sex cords from the rest of the coelomic epithelium. 

It is the presence of a Y chromosome gene, called the sex-determining region 
Y gene (SRY) or testis determining factor (TDF), that results in the development 
of testes and the initiation of phenotypic sexual differentiation. The testis forms in 
the gonadal ridge and Sertoli cells differentiate from cells within the epithelial sex 
cords. By week 8, the developing fetal testis produces at least two hormones. The 
first has been referred to as Miillerian-inhibiting substance or factor (MIS, MIF) and 
in some reports, anti-Miillerian hormone (AMH). It is produced by the fetal Sertoli 
cells and suppresses the development of the paramesonephric duct (which in the 
absence of this suppression would develop into the upper female reproductive tract 
organs). The other, testosterone, stimulates the development of the mesonephric 
ducts into components of the male genital tract. Vestigial remnants of portions of 
these ducts (Fig. 4a) often can be visualized sonographically. 
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Fig. 4 Locations of the vestigial remnants of the mesonephric and paramesonephric ducts in the 
male genitalia (a). Ultrasonic appearance of the appendix testis (b) and appendix epididymis (c) 


Remnants of the most cranial aspects of the regressed paramesonephric ducts can 
persist as the appendix of the testis and be demonstrated on ultrasound (Fig. 4b). The 
most caudal vestigial aspects of the paramesonephric ducts form midline structures 
and are often found in the prostate, which is derived from the embryonic urogenital 
sinus. The prostatic utricle is such a structure and can be enlarged and demonstrated 
on ultrasound. In addition, midline cysts derived from vestiges of the parameso- 
nephric ducts may also be demonstrated. These midline paramesonephric remnants 
have also been found to obstruct the ejaculatory ducts and result in dilation of the 
seminal vesicles (anterior—posterior (AP) distance greater than 15 mm). 

The deepest aspects of the sex cords converge on what will become the medias- 
tinum testis. The mesenchyme between each of the cords gives rise to the interstitial 
cells of Leydig and the septa of the testis that radiate out from the mediastinum 
testis. The sex cords develop into tubules composted of the germ cells and Sertoli 
cells and the inner ends of these tubes are referred to as the tubuli recti. The gonadal 
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ridge, throughout its development, slowly separates from the mesonephros. The 
mesonephric tubules adjacent to the testis develop into the ductuli efferentia and 
meet the tubuli recti at the rete testis. The mesonephric ducts develop into the epi- 
didymides, vasa defferentia, and ejaculatory ducts. The seminal vesicles develop as 
a diverticulum of this tube. Residual mesonephric structures can persist as a vesti- 
gial remnant of the mesonephric ducts. Those tubules located cranial to the tubules 
that become the ductuli efferentia of the testis may protrude off the epididymis as 
a polypoid vestige called the appendix epididymis (Fig. 4c). In addition, remnant 
mesonephric tubules can persist proximal to those draining the testicle as well. This 
remnant is known as the paradidymis (a.k.a. organ of Giraldés), a small collec- 
tion of convoluted tubules lined by ciliated epithelium, that can be found anywhere 
along the epididymis or vas deferens. 

Torsion of the appendix testis, appendix epididymis, and paradidymis are all 
in the differential diagnosis of the acute scrotum. The appendix testis, appendix 
epididymis, and ectasia of the rete tubules can be visualized during the scrotal ultra- 
sound and their characteristic appearance should be kept in mind to avoid confusion 
of these structures with testicular and extratesticular masses. 


Testicular Decent 


The process of testicular descent begins prior to 7 or 8 weeks in development. At 
this time, the gonadal position in the dorsal abdominal wall is similar in both sexes. 
In males, the fetal testis begins to produce MIS from the Sertoli cells. In addition, 
androgens and an insulin-like hormone 3 (INSL3) are produced from the Leydig 
cells. These hormones work in concert to control descent of the testis, which is held 
by a suspensory ligament at the upper pole, and, at the lower pole by the genitoin- 
guinal ligament, or “gubernaculum.” 

During the initial phase of descent, the cranial ligament progresses and the gu- 
bernaculum thickens allowing the testis to be held near the inguinal region. At this 
time the inguinal canal forms as the abdominal wall muscles develop around the end 
of the gubernaculum. 

At about 20-25 weeks an out-pouching of the peritoneal membrane, which is 
known as the processus vaginalis, travels with the testis toward its final position 
in the scrotum. The processus vaginalis maintains a connection with both the epi- 
didymal tail and the lower pole of the testis. At about 25 weeks, testis and attached 
processus vaginalis begin to pass through the inguinal canal along with fascial cov- 
erings from the abdominal wall (Fig. 5). The processus vaginalis is continuous with 
the peritoneum and tunica vaginalis of the testis. Between 25 and 30 weeks the 
testis descends rapidly through the inguinal canal and then more slowly across the 
pubis into the scrotum. The fascial coverings from the abdominal wall that travel 
with the testis during its descent become the layers covering the spermatic cord and 
testis. This process is usually completed by 35 weeks of gestation and it is followed 
by the obliteration of the proximal portion of the processus vaginalis to close the 
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Fig. 5 The phases of testicular descent. At about 25 weeks, testis and attached processus vaginalis 
begin to pass through the inguinal canal along with fascial coverings from the abdominal wall 


connection between the scrotum and peritoneum. Closure may occur during prena- 
tal development or in early infancy. The gubernaculum does not become anchored 
to the scrotum until descent is completed [6—8]. 

The embryology of testicular descent becomes important for the sonographer 
when evaluating the undescended or nonpalpable testis. A majority of undescended 
testes are found in the inguinal canal which is accessible to diagnostic ultrasound 
[9-12]. This makes ultrasound examination of the inguinal region essential when a 
testis is not found on routine scrotal ultrasound. 


Scrotal Contents 


The scrotum contains bilateral compartments divided by a septum with multiple 
fascial layers beneath the skin and dartos fascia. The primary contents of each com- 
partment are a testicle, an epididymis, and a spermatic cord (Fig. 6). The latter 
contains the ductus deferens, arteries, and veins (the pampiniform plexus). Each 
testis is covered by a thick, fibrous, connective tissue layer (tunica albuginea). The 
tunica albuginea is apposed to the visceral tunica vaginalis—one of two, thinner 
connective tissue layers formed from the distal aspects of the processus vaginalis 
(Fig. 7). The other is the parietal tunica vaginalis which reflects back off the testicle 
from the visceral tunica vaginalis to surround the anterior, and lateral portions of 
the testis creating a cavity that normally contains a small amount of fluid. When 
this cavity contains more than the physiologic amount of fluid (1-2 mL), a hydro- 
cele is present. Failure of the closure of the processus vaginalis allows peritoneal 
fluid to accumulate in the scrotum when it is in a dependent location, or when the 
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Fig. 6 Cross sectional view of a testis demonstrating the locations of the visceral and parietal 
layers of the tunica vagnialis (a). Ultrasonogram of the testis demonstrating the tunica albugniea, 
which is apposed to the visceral portion of the tunica vaginalis (b). Photomicrograph of the sper- 
matic tubules and tunica abuginea (c) 


intra-abdominal pressure rises. This is referred to as a communicating hydrocele. 
When blood collects in this cavity or in areas outside the parietal vaginalis, it consti- 
tutes a hematocele. Cystic dilations of the processus vaginalis maybe found within 
the spermatic cord on ultrasound examination and are referred to as hydroceles of 
the cord. 


Development of the Urogenital Sinus 


The cloaca is a chamber shared by the allantois (which extends anteriorly from the 
cloaca into the umbilical cord) and the hindgut. The cloacal membrane makes up 
the ventral wall of the chamber and is located at the caudal end of the developing 
hindgut as a bilaminar apposition of ectoderm and the endoderm located on the 
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Fig. 7 The contents of the scrotum and spermatic cords. The primary contents of each compart- 
ment are a testicle, an epididymis, and a spermatic cord. The latter spermatic cord contains the vas 
deferens, arteries and veins (the pampiniform plexus) 


ventral midline. A septum develops as an ingrowth of folds from the lateral walls 
and a caudal extension of the intervening mesenchyme from the branch point of the 
allantois and hindgut, which ultimately divides the cloaca into the anterior/ventral 
urogenital sinus and the posterior/dorsal developing rectum. While the septum de- 
velops, mesodermal mesenchyme also encroaches between the two layers of the 
cloacal membrane. The septum also divides the membrane into a urogenital mem- 
brane and anal membrane. These membranes ultimately rupture to create continuity 
between the ectoderm and both the urogenital sinus and rectum. The mesenchymal 
tissues that have encroached develop into the muscles and bones of the lower ante- 
rior abdomen and pubis. An incompletely understood defect in this process results 
in the extrophy—epispadius complex, a spectrum of abnormalities that can include 
continuities between the luminal surface of the bladder and the lower abdominal 
skin. If the defect occurs early enough in the process (before the complete division 
of the cloaca), a cloacal extrophy can occur which also includes a continuity of the 
intestinal lumen with the skin and bladder lumen. This is often found on prenatal 
ultrasound with an appearance that mimics the complete absence of a bladder in the 
fetus. These findings can also be a found with other penile anomalies. 
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Fig. 8 Ultrasound of the 
bladder with the typical find- 
ings associated with posterior 
urethral valves including a 
thickened wall and dilated 
posterior urethra known as 
the keyhole sign [13] 


The urethra, prostate, and bladder all develop from the urogenital sinus. The 
remnants of the caudal ends of the mesonephric ducts become incorporated into 
the urogenital sinus (Mullerian Tubercle, Fig. 3) and become aspects of the trigone 
and posterior urethra. The incorporated portions of the mesonephric ducts include 
the branch points of the metanephric ducts, which become the ureteral orifices. The 
unincorporated portions of the mesonephric ducts end up entering the urethra at the 
prostatic urethra as the ejaculatory ducts. Ridges in the urethra, called plicae col- 
liculi, remain along the path of the fusion of the mesonephric ducts as they become 
incorporated with the urogenital sinus and migrate while the sinus develops. It is 
hypothesized that abnormalities in this process result in the fusion of the plicae 
colliculi that is seen in the majority of posterior urethral valves. The remainder of 
posterior urethral valves are thought to result from an incomplete rupture of the 
urogenital membrane. Posterior urethral valves are associated with a dilated poste- 
rior urethra and thickened bladder wall on ultrasound (Fig. 8). The bladder is often 
distended with marked hydroureteronephrosis also demonstrated on ultrasound ex- 
amination. 


Development of the Male External Genitalia and Phallus 


Up until the eighth or ninth week of gestational age, the development of the external 
male genitalia is indistinguishable with that of the female genitalia. It involves the 
development of the genital tubercles at the craniolateral edges of cloacal membrane. 
They develop from mesoderm as it infiltrates the cloacal membrane. As the cloaca 
membrane divides into the urogenital membrane, the tubercles fuse in the midline. 
This fusion can be disrupted and results in the bifid phallus that is sometimes seen in 
extrophy. The urogenital membranes and ultimately the urogenital sinus are flanked 
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Fig. 9 The male external genital development progressing clockwise from the left. The genital 
tubercle develops into the glans penis. The upper right panel shows the urogenital sinus opening 
within the urogenital folds, which are between the scrotal swellings 


by collections of infiltrating mesoderm termed as the urogenital folds with labial 
scrotal swellings located laterally on either side (Fig. 9). Masculinization of the 
indifferent external genitalia occurs under the influence of testosterone produced 
by the interstitial cells of the fetal testis [14-16]. The tubercle becomes the future 
phallus and glans. The terminal part of the phallus destined to be the glans becomes 
solid. The grove between the urogenital folds, which extend onto the underside 
and with the tubercle as the tubercle grows, is termed the urogenital groove. The 
urogenital sinus extends to the under surface of the genital tubercle where it opens 
in this grove. Apical ridges of the urogenital folds grow toward each other and the 
walls of the phallic portion come together and fuse which creates a tubular exten- 
sion of the urogenital sinus on the caudal aspect of the developing phallus. This 
opening is for a while the primitive urogenital opening, and it extends forward to 
the corona glandis and the final urethral meatus. 

The corpora cavernosa of the penis as well as the spongiosum surrounding the 
urethra arise from the mesodermal tissue in the phallus. They are at first dense 
structures, but later, vascular spaces appear in them, and they gradually become 
cavernous. A solid plate of ectoderm grows over the superficial part of the phallus. 
A bilayer of tissue is formed by a breakdown of the more centrally situated cells 
forming the prepuce. The scrotum is formed by extension of the labioscrotal swell- 
ings between the pelvic portion and the anus. With testicular decent these labioscro- 
tal swellings form the scrotal sac. 
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Fig. 10 Arterial blood supply 
to the testis. It includes the 
testicular artery, the defer- 
ential artery, the cremasteric 
artery and their anastomoses 


Blood Supply 


The scrotal structures receive their blood supply from three principal sources 
(Fig. 10): 


1. The testicular artery (arising from the aorta and supplying the testis) 

2. The cremasteric artery (a branch of the inferior epigastric artery supplying the 
scrotal sac and coverings of the spermatic cord), and 

3. The deferential artery (arising from the superior vesicle artery and supplying the 
vas deferens and epididymis). 


The veins draining the testis exit at the mediastinum, where they join the veins 
draining the epididymis to form the pampiniform plexus. The cremasteric plexus, 
which drains blood primarily from extratesticular structures, lies posterior to the 
pampiniform plexus at the superior portion of the testis. The right testicular vein 
joins the inferior vena cava below the level of the right renal vein, while the left 
testicular vein drains into the left renal vein. Along the length of the spermatic 
cord, the vascular supply is covered by the cremasteric muscle and loose connective 
tissue, and is in close approximation to nerves, lymphatics, and the vas deferens. 
The veins of the pampiniform plexus, when dilated and associated with reversal of 
direction of blood flow are identified as varicoceles. Their presence as a finding on 
a scrotal ultrasound examination prompts some sonographers to evaluate the ipsilat- 
eral retroperitoneum for ultrasonographic evidence of masses, which can impinge 
on the upstream venous drainage. 


22 G. Richards and B. R. Gilbert 


Fig. 11 Schematic of 
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Most often, in the inguinal portion of the spermatocord the testicular artery branch- 
es into an internal artery, an inferior testicular artery and a capital artery supplying 
the head of the epididymis (Fig. 11). At the caput of the epididymis, the testicular 
and epididymal arteries form a rich anastomosis as do the testicular, epididymal, 
cremasteric and vassal arteries at the cauda epididymis. The testicular arteries con- 
tinue on to the mediastinum testis where they fan out along the septa of the lobules 
as centripetal arteries as well as along the inner surface of the tunica albuginea as 
capsular arteries. There appears to be a predominance of capsular vessels in the 
anterior medial and later portions of the lower pole of the testis [17—19]. The cen- 
tripetal arteries eventually turn back toward their origin as recurrent rami. The re- 
current rami are difficult to differentiate on Doppler ultrasound from the centripetal 
arteries (Fig. 12). This internal network of vessels is often referred to as the tunica 
vasculosa. The venous return, which follows the arterial supply, is not well visual- 
ized by ultrasound in the normal testis due to the small size of these vessels and 
slow flow velocity. 


2 Embryology Relevant to Ultrasound Imaging of the Male Genitalia 23 


Centripetal artery 


Capsular artery 


mediastinum 


sagittal Transverse 


Fig. 12 Color Doppler ultrasound images demonstrating intratesticular and capsular blood flow 


Penile Blood Supply 


The anterior trunk of the internal iliac gives rise to the internal pudendal artery 
approximately at the level of the greater sciatic foramen (Fig. 13a and white circle 
in Fig. 13b). The internal pudendal artery then crosses behind the tip of the ischial 
spine and enters the perineum through the lesser sciatic foramen (Fig. 13b). It then 
enters and passes through Alcock’s canal in the ischiorectal fossa to become the 
penile artery. It is at this point that the internal pudendal artery is most susceptible 
to injury (yellow circle in Fig. 13b). The penile artery then passes through the uro- 
genital diaphragm and along the medial aspect of the inferior limits of the pubic 
symphysis (Fig. 13c). 

The penile artery then gives rise to branches including the bilateral bulboure- 
theral artery and another dorsal branch which gives rise, in turn, to the dorsal artery 
of the penis and the cavernosal artery (Fig. 14). The urethral artery travels within 
the spongiosal tissue and supplies the corpus spongiosa, urethra, and glans penis. 
The dorsal artery runs deep to Buck’s fascia and just medial to the paired dorsal 
nerves, and lateral to the single deep dorsal vein. The dorsolateral vessel gives rise 
to circumflex branches that pass around the corpus cavernosum and spongiosum. 
The cavernosal artery begins at the base of the penis and runs centrally through the 
corpus cavernosum. The cavernosal artery gives rise to two major branches one that 
supplies the smooth muscle and nerve fibers of the cavernosal trabecular tissue and 
the other which divides into a series of helicine arteries. The helicine arteries are 
unique in that they allow blood to pass directly into the cavernous sinusoids without 
first traversing a capillary bed. They also allow elongation and dilation of the penis 
without compromise the blood supply to the corpora [20]. 
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Fig. 13 Arterial blood supply to the penis and path through the pelvis in labeled schematic (a), 
in 3D imaging reconstruction (b). The white circle highlights to origin of the internal pudendal 
artery. The yellow circle highlights the path around the ischial spine and into Alcock’s canal. The 
distal internal pudendal artery gives rise to the artery of the bulb (bulb-urethral artery) and the 
penile artery (c) 


There are three major venous drainage pathways in the penis [21, 22]. First, the 
superficial receives drainage from the penile skin and layers superficial to Buck’s 
fascia usually through a single vessel, running the length of the dorsal aspect of 
the phallus, the superficial dorsal vein (Fig. 15). Second, the intermediate system 
deep to Buck’s fascia and superficial to the tunica albuginea receives drainage from 
the glans, corpous spongiosum and corpous cavernosum. Emissary veins, primar- 
ily from the dorsal and lateral corpora cavernosum, pierce the tunica abuginea 
and combine to become circumflex veins which enter into the deep dorsal vein. 
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Fig. 14 Arterial supply within the penis. The distal internal pudendal artery gives rise to the artery 
of the bulb (bulb-urethral artery) and the penile artery which intern branches in to the dorsal and 
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Fig. 15 Schematic of transverse view through penis with the distribution of major vessels. This 
view duplicates the transverse ultrasound view 


This—usually single—vein empties into the periprostatic plexus of Santorini. The 
third major venous drainage pathway is via a deep system that drains the proximal 
portion of the corpus spongiosum and a major portion of the corpora cavernosum. 
This drainage travels through the deep penile veins and exits through the pudendal 
plexus. 

The location of penile vessels on ultrasound is dependent upon where the ultra- 
sound probe is positioned on the phallus. Either the dorsal or ventral approach can 
be used. However, if the dorsal approach is used, the urethra is on opposite side of 
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Fig. 16 Transverse B-mode ultrasound views of the phallus with the transducer on the dorsal and 
ventral aspects. CC corpus cavernosus, RT right, LT left 


the cavernosal bodies as the transducer and if the ventral approach is used the ure- 
thra is between the transducer and the corpora cavernosa (Fig. 16). Note the corpora 
and urethral are usually more compressed in the ventral approach and therefore, 
visualization of vessels is more difficult. In addition, when the transducer is placed 
dorsally, the superficial and deep dorsal veins are found near the transducer. How- 
ever, when the transducer is placed on the ventral aspect of the phallus, the urethral 
blood supply is closest to the transducer. 


Ultrasound Correlates of Normal Anatomic Features 


Testis 


The testis is approximately 4-5 cm long, 3 cm wide and 2.5 cm in the AP direction. 
The size of the testis correlates more to its reproductive role than its role in testos- 
terone production with 85% of its volume occupied by structures involved in sper- 
matogenesis [23]. A testis is usually smooth, homogeneous, and ovoid in appear- 
ance. The septa and mediastinum testis may appear as linear echogenic structures. It 
is this consistency in appearance that allows the sonographer to identify pathology, 
which deviates from this appearance. 

At the mediastinum testis, the tunica albuginea projects into the testis. It is also 
the point where the testicular vessels and the 12—20 efferent ducts traverse the 
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Fig. 17 The mediastinum testis visible on B-mode ultrasound. It is often seen as a highly reflec- 
tive (hyperechoic) line at the posterior superior aspect of the testis 
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t 4 Rete'testis 


Fig. 18 Photomicrograph of the rete testis (a). Rete tubular ectasia demonstrated with B-mode 
ultrasound of the testis (b) 


testicular capsule. On ultrasound, the mediastinum testis is seen a partial septum 
often seen on ultrasound as a highly reflective (hyperechoic) line at the posterior 
superior aspect of the testis (Fig. 17). 

The rete testis (Fig. 18a) is a structure readily identified on ultrasound, it is 
formed by the anastomosing network of seminiferous tubules traversing the medi- 
astinum testis. Tubular ectasia of the rete testis is often seen, and is a disorder of the 
rete testis in which dilation of the rete testis tubules occurs and is often associated 
with benign cysts of the epididymis (Fig. 18b). 

The development of the male genitalia is a complex process. The understanding 
of this process and the abnormalities that correlate to embryologic processes and 
vestiges, is crucial to aide the sonographer in identifying findings on the ultrasound 
evaluation of the phallus, scrotum, and male reproductive structures. 
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Chapter 3 
Physical Principles of Ultrasound 
of the Male Genitalia 


Bruce R. Gilbert and Pat Fox Fulgham 


Introduction 


The value of ultrasound evaluation of the male genitalia depends, in large part, on 
the quality of the image produced. The image quality, in turn, is a function of the 
equipment used, machine settings, and the sonographer’s knowledge of ultrasound 
propagation through various tissues. This chapter aims to provide the sonographer 
with a basic understanding of the physical principles of ultrasound and ultrasound 
machine capabilities in order to maximize image quality while maintaining patient 
safety. 


Producing the Ultrasound Image 


The image produced by ultrasound is the result of the interaction of mechanical 
ultrasound waves with biologic tissues and materials. Ultrasound waves are trans- 
mitted through the transducer at specified intervals and the reflected waves are re- 
ceived by the transducer. The resulting image is reconstructed and refreshed rapidly, 
providing a real-time image of the organs being evaluated. Ultrasound waves are 
mechanical waves which require a physical medium (such as tissue or fluid) to be 
transmitted. Medical ultrasound imaging utilizes frequencies in the | million cycles 
per second (or MHz) range. Transducers used in ultrasound of the male genitalia 
typically range from 7 to 18 MHz. 
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Fig. 1 Longitudinal waves. Compression 
The expansion and contrac- 
tion of piezoelectric crystals 
caused by the application 

of alternating current to the 
crystals causes compression 
and rarefaction of molecules 
in the body 
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Ultrasound waves are created by applying alternating current to piezoelectric 
crystals within the transducer. Alternating expansion and contraction of the piezo- 
electric crystals creates a mechanical wave which is transmitted through a coupling 
medium (usually gel) to the skin and then into the body. The waves that are pro- 
duced are longitudinal waves. This means that the particle motion is in the same 
direction as the propagation of the wave (Fig. 1). This longitudinal wave produces 
areas of rarefaction and compression of tissue in the direction of travel of the ultra- 
sound wave. 

The compression and rarefaction of molecules is represented graphically as a 
sine wave alternating between a positive and negative deflection from the baseline. 
A wavelength is described as the distance between one peak of the wave and the 
next peak. One complete path traveled by the wave is called a cycle. One cycle per 
second is known as 1 Hz (Hertz). The amplitude of a wave is the maximal excursion 
in the positive or negative direction from the baseline. The period is the time it takes 
for one complete cycle of the wave (Fig. 2). 


Wavelength (A) 


Amplitude 


Period 


Fig. 2 Characteristics of a sound wave: The amplitude of the wave is a function of the acoustical 
power used to generate the mechanical compression wave and the medium through which it is 
transmitted 
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Fig. 3 Since the average = 
velocity of sound in tissue is v=f A 
considered to be constant, the 
frequency and wavelength of 
sound must vary inversely 


velocity = frequency x wavelength 


The velocity with which a sound wave travels through tissue is a product of its 
frequency and its wavelength. The velocity of sound in tissues is relatively constant. 
Therefore, as the frequency of the sound wave changes the wavelength must also 
change. The average velocity of sound in human tissues is 1540 m/s. Wavelength 
and frequency vary in an inverse relationship. Velocity equals frequency times 
wavelength (Fig. 3). As the frequency diminishes from 10 to 1 MHz the wavelength 
increases from 0.15 to 1.5 mm. This has important consequences for the choice of 
transducer depending on the indication for imaging, since ultrasound can effectively 
penetrate to approximately 200 times its wavelength. 


Ultrasound Image Generation 


The image produced by an ultrasound machine begins with the transducer. The 
term Transducer, from the Latin transducere, means “to convert.” In this case, 
electrical impulses are converted to mechanical sound waves via the piezoelec- 
tric effect. 

In ultrasound imaging the transducer has a dual function as a sender and a re- 
ceiver. Sound waves are transmitted into the body where they are at least partially 
reflected. The piezoelectric effect occurs when alternating current is applied to a 
crystal containing dipoles [1]. Areas of charge within a piezoelectric element are 
distributed in patterns which yield a “net” positive and negative orientation. When 
alternating charge is applied to the two-element faces, a relative contraction or elon- 
gation of the charge areas occurs resulting in a mechanical expansion and then a 
contraction of the element. This results in a mechanical wave which is transmitted 
into the patient (Fig. 4). 

Reflected mechanical sound waves are received by the transducer and converted 
back into electrical energy via the piezoelectric effect. The electrical energy is in- 
terpreted within the ultrasound instrument to generate an image which is displayed 
upon the screen. 

For most modes of ultrasound, the transducer emits a limited number of wave 
cycles (usually 2—4) called a pulse. The frequency of the 2—4 wave cycles is usu- 
ally in the 2.5—14 MHz range. The transducer is then “silent” as it awaits the return 
of the reflected waves from within the body (Fig. 5). The transducer serves as a 
receiver more than 99 % of the time. 

Pulses are sent out at regular intervals which are known as the pulse repeti- 
tion frequency (PRF). By timing the pulse from transmission to reception it is 
possible to calculate the distance from the transducer to the object reflecting the 
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Fig. 4 Piezoelectric effect. Areas of “net” charge within a crystal expand or contract when current 
is applied to the surface, creating a mechanical wave. When the returning wave strikes the crystal 
an electrical current is generated 
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Fig. 5 The pulsed wave ultrasound mode depends on an emitted pulse of 2—4 wave cycles fol- 
lowed by a period of “silence” as the transducer awaits the return of the emitted pulse 


wave. This is known as ultrasound ranging (Fig. 6). This sequence is known as 
pulsed-wave ultrasound. 

The amplitude of the returning waves determines the brightness of the pixel as- 
signed to the reflector in an ultrasound image. The greater the amplitude of the re- 
turning wave, the brighter the pixel assigned. Thus, an ultrasound unit produces an 
“image” by first causing a transducer to emit a series of ultrasound waves at specific 
frequencies and intervals and then interpreting the returning echoes for duration of 
transit and amplitude. This “image” is rapidly refreshed on a monitor to give the 
impression of continuous motion. Frame refresh rates are typically 12—30/s. The 
sequence of events depicted in Fig. 7 is the basis for all “scanned” modes of ultra- 
sound including the familiar gray-scale ultrasound. 
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Right Testis (A) Start Timo: 
0.0 ms 


(8) Elapsed Time: 
0.00026 ms 

(C) Total Time: 
0.00052 ms 


Distance from Skin to Scrotal Cyst = 4 cm 


Fig. 6 Ultrasound ranging depends on assumptions about the average velocity of ultrasound in 
human tissue to locate reflectors in the ultrasound field. The elapsed time from pulse transmis- 
sion to reception of the same pulse by the transducer allows for determining the location of a 
reflector in the ultrasound field. In this example of a testis, the elapsed time from transmission 
of a pulse (A) until it reaches the back wall of the cyst (B) is 0.00026 ms (based on the average 
velocity of sound in human tissue 1540 m/s) resulting in a total transit time of 0.00052 ms (C). 
The calculated distance to the back wall of the cyst is approximately 4 cm 
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Fig. 7 Schematic depiction of the production of an ultrasound image. In this example of an ultra- 
sound of the testis, the transducer transmits an ultrasound wave into the testis. The wave is gen- 
erated at regular intervals based on the clock and the pulse generator. The transducer receives 
the returning wave and alters it according to the machine settings (1.e., time-gain compensation). 
The machine amplifies the image according to the settings and the signal is converted into a gray- 
scale image on the display screen. 


34 B. R. Gilbert and P. F. Fulgham 


Soft 


tissue 


0 1 2 3 4 5 6 
dB/cm/MHZ 


Fig. 8 Attenuation of tissue. The attenuation of a tissue is a measure of how the energy of an 
ultrasound wave is dissipated by that tissue. The higher the attenuation value of a tissue, the more 
the sound wave is attenuated by passing through that tissue (Adapted from Diagnostic Ultrasound, 
3rd Ed., Vol. 1) 


Interaction of Ultrasound with Biological Tissue 


As ultrasound waves are transmitted through human tissue they may be altered in 
a variety of ways by loss of energy, change of direction, and change of frequency. 
An understanding of these interactions is necessary to maximize image quality and 
correctly interpret the resultant images. 

Attenuation refers to a loss of kinetic energy as a sound wave interacts with tis- 
sues and fluids within the body [2]. Specific tissues have different potentials for 
attenuation. For example, water has an attenuation of 0.0 whereas kidney has an at- 
tenuation of 1.0 and muscle an attenuation of 3.3. Therefore, sound waves are much 
more rapidly attenuated as they pass through muscle than as they pass through water 
(Fig. 8; Attenuation is measured in dB/em/MHz). 

The three most important mechanisms of attenuation are absorption, reflection, 
and scattering. Absorption occurs when the mechanical kinetic energy of a sound 
wave is converted to heat within the tissue. Absorption is dependent of the fre- 
quency of the sound wave and the characteristics of the attenuating tissue. Higher 
frequency waves are more rapidly attenuated by absorption than lower frequency 
waves. 

Since sound waves are progressively attenuated with distance traveled, deep 
structures in the body (e.g., kidney) may require adjustments in acoustic output or 
in the gain settings. Compensation for loss of acoustic energy by attenuation can 
be accomplished by increasing the sensitivity of the transducer to returning sound 
waves and selection of a lower frequency. 
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Fig. 9 A wave which strikes 
the interface between two tis- 
sues of differing impedance 
is usually partially reflected 
and partially transmitted with 
refraction. A portion of the 
wave is reflected (OR) at an 
angle equal to the angle of 
insonation (ĝi), a portion of Tissue 1 
the wave is transmitted at a 
refracted (0f) angle into the 
second tissue 


Tramnitted wave Reflected wave 
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Tramnitted and 
Reflected wave 


Refraction occurs when a sound wave encounters an interface between two tis- 
sues at any angle other than 90°. When the wave strikes the interface at an angle a 
portion of the wave is reflected and a portion transmitted into the adjacent media. 
The direction of the transmitted wave is altered (refracted). Refraction not only 
results in a loss of some information because the wave is not completely reflected 
back to the transducer, but also potential errors in registration of object location 
because of the refraction (change in direction) of the wave. The optimum angle to 
minimize distortion from refraction is 90° (Fig. 9). 

Reflection occurs when sound waves strike an object or an interface between un- 
like tissues or structures. If the object has a relatively large flat surface it is called a 
specular reflector and sound waves are reflected in a predictable way based on the 
angle of insonation. If a reflector is small or irregular it is called a diffuse reflector. 
Diffuse reflectors produce scattering in a pattern which produces interference with 
waves from adjacent diffuse reflectors. The resulting pattern is called “speckle” and 
is characteristic of solid organs which have repetitive internal glandular or tubular 
structures such as the testes, kidneys, and liver (Fig. 10). 

When a sound wave travels from one tissue to another a certain amount of energy 
is reflected at the interface between the tissues. The percentage of energy reflected 
is a function of the difference in the impedance of the tissues. Impedance is a prop- 
erty of tissue related to its “stiffness” and the speed at which sound travels through 
the tissue [3]. If two adjacent tissues have a small difference in tissue impedance 
very little energy will be reflected. The impedance difference between kidney (1.63) 
and liver (1.64) is very small so that if these tissues are immediately adjacent it may 
be difficult to distinguish the interface between the two by ultrasound (Table 1). 
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Fig. 10 Demonstrates a dif- 
fuse reflector. In this image 
of the testis, small paren- 
chymal structures scatter 
sound waves. The pattern of 
interference resulting from 
this scattering provides the 
familiar “speckled” pattern of 
testicular echo architecture. 
A specular reflector reflects 
sound waves at an angle 
equal to the incident angle 
without producing a pattern 
of interference caused by 
scattering. In this image of 
the testis the tunica albuginea 
(arrow) covering the testis 
serves as a specular reflector 


Table 1 Impedance of tissue. Impedance (Z) is a product of tissue density (p) and the velocity of 
that tissue (c). Impedance is defined by the formula: Z (Rayles)=p (kg/m°) x c (m/s). (Adapted 
from Diagnostic Ultrasound, 3rd Ed., Vol. 1) 


Tissue Density (kg/m?) Impedance (Rayles) 
Air and other gases 1.2 0.0004 

Fat tissue 952 1.38 

Water and other clear liquids 1000 1.48 

Kidney (average of soft tissue) 1060 1.63 

Liver 1060 1.64 

Muscle 1080 1.70 

Bone and other calcified objects 1912 7.8 


Hydrocele fluid has a sufficient impedance difference from the testis and testicu- 
lar appendages that the appendix testis and epididymis can be distinguished from 
the testis when a sufficient amount of hydrocele fluid is present (Fig. 11). 

If the impedance differences between tissues are very high, complete reflection 
of sound waves may occur, resulting in acoustic shadowing. In ultrasound of the 


male genitalia this may occur with ejaculatory duct stones or with penile plaques 
(Fig. 12). 


Artifacts 


Sound waves are emitted from the transducer with a known amplitude, direction, 
and frequency. Interactions with tissues in the body result in alterations of these 
parameters. Returning sound waves are presumed to have undergone alterations 
according to the expected physical principles, such as attenuation with distance 
and frequency shift based on the velocity, and direction of objects they encoun- 
tered. The timing of the returning echoes is based on the expected velocity of 
sound in human tissue. When these expectations are not met, it may lead to image 
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Fig. 11 This image demon- 
strates that when hydrocele 
fluid (which has a signifi- 
cantly lower impedance) is 
interposed it is far easier to 
appreciate the appendix testis 


Appendix testis 
‘ Testis 


Fig. 12 In the phallus, 
reflection of sound waves as 
the result of large impedance 
differences between corpora 
cavernosa and the plaque 
(solid arrow). Acoustic shad- 
owing results from nearly 
complete reflection of sound 
waves (open arrows) 


representations and measurements which do not reflect actual physical conditions. 
These misrepresentations are known as “artifacts.” Artifacts, if correctly identified, 
can be used to aid in diagnosis. 

Increased through-transmission occurs when sound waves pass through tissue 
with less attenuation than occurs in the surrounding tissues. For example, when 
sound waves pass through a fluid filled structure such as an epididymal cyst, the 
waves experience relatively little attenuation compared to that experienced in 
the surrounding scrotal tissue. Thus, when the waves reach the posterior wall of the 
cyst and the renal tissue beyond it they are more energetic (have greater amplitude) 
than the adjacent waves. The returning echoes have significantly greater amplitude 
than waves returning through the scrotal tissue from the same region of the scrotum. 
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Fig. 13 Increased through 
transmission with hyperecho- 
genicity (arrows) as the result 
of decreased attenuation by 
the fluid filled cyst. This is 
an example of artifactual 
misrepresentation of tissue 
characteristics and must be 
recognized and corrected 

in order to avoid incorrect 
clinical conclusions or to 
avoid missing objects distal 
to the cyst 


Therefore, the pixels associated with the region distal to the cyst are assigned a 
greater “brightness.” The tissue appears hyperechoic compared to the adjacent renal 
tissue even though it is histologically identical (Fig. 13). This artifact can be over- 
come by changing the angle of insonation or adjusting the time-gain compensation 
settings. 

Acoustic shadowing occurs when there is significant attenuation of sound waves 
at a tissue interface causing loss of information about other structures distal to that 
interface. This attenuation may occur on the basis of reflection or absorption, re- 
sulting in an “anechoic” or “hypoechoic” shadow. The significant attenuation or 
loss of the returning echoes from tissues distal to the interface may lead to incor- 
rect conclusions about tissue in that region. For instance, when sound waves strike 
the interface between testicular tissue and a testicular calcification there is a large 
impedance difference and significant attenuation and reflection occur. Informa- 
tion about the region distal to the interface is therefore lost or severely diminished 
(Fig. 14). Thus, in some cases spherical objects may appear as crescenteric objects 
and it may be difficult to obtain accurate measurements of such three-dimensional 
(3D) objects. Furthermore, fine detail in the region of the acoustic shadow may be 
obscured. The problems with acoustic shadowing are most appropriately overcome 
by changing the angle of insonation. 

Edging artifact occurs when sound waves strike a curved surface or an interface 
at a critical angle. A critical angle of insonation is one which results in propagation 
of the sound wave along the interface without significant reflection of the wave to 
the transducer. Thus, information distal to the interface is lost or severely dimin- 
ished. This very common artifact in urology must be recognized and can, at times, 
be helpful. It is seen in many clinical situations but very commonly seen when im- 
aging the testis. Edging artifacts often occur at the upper and lower pole of the testis 
as the sound waves strike the rounded testicular poles at the critical angle. This ar- 
tifact may help differentiate between the head of the epididymis and the upper pole 
of the testis. The edging artifact is also prominently seen on transrectal ultrasound 
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Fig. 14 Acoustic shadowing z i 


Testicular. 
calcification 


occurs distal to a calcification 
in the testis (Jarge arrows). 
Information about testicular 
parenchymal architecture 
distal to the area of calcifica- 
tion is lost 


where the two rounded lateral lobes come together in the midline. This produces an 
artifact that appears to arise in the vicinity of the urethra and extend distally. Edging 
artifact may be seen in any situation where the incident wave strikes an interface at 
the critical angle (Fig. 15). Edging artifact may be overcome by changing the angle 
of insonation. 


Fig. 15 Edging artifact seen 
between the epididymis and 
testis in this longitudinal 
view is the result of reflection 
of the sound wave along the 
curved lateral surface of the 
testis 
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Fig. 16 A reverberation 
artifact occurs when a sound 
wave is repeatedly reflected 
between reflective surfaces 
as demonstrated in this ultra- 
sound image of a left testicu- 
lar prosthesis. The resultant 
echo pattern is a collection of 
hyperechoicartifactual reflec- 
tions distal to the structure 
with progressive attenuation 
of the sound wave 


Fig. 17 Surgically proved 
Fournier gangrene in a 
38-year-old man. Longitu- 
dinal US scan of the testis 
(arrowhead) shows sparing 
of the testis in Fournier 
gangrene. Both sonograms 
show scrotal wall thickening 
(open arrows) and air (long 
arrow) parallel to the trans- 
ducer face, with reverberation 
artifacts (short solid arrows). 
(Dogra VS et al. Radiology. 
2003;227:18-36) 


A reverberation artifact results when an ultrasound wave bounces back and forth 
(reverberates) between two or more reflective interfaces. When the sound wave 
strikes a reflector and returns to the transducer an object is registered at that loca- 
tion. With the second transit of the sound wave the ultrasound equipment interprets 
a second object that is twice as far away as the first. There is ongoing attenuation 
of the sound wave with each successive reverberation resulting in a slightly less 
echogenic image displayed on the screen. Therefore, echoes are produced which 
are spaced at equal intervals from the transducer but are progressively less energetic 
(Fig. 16). 

The reverberation artifact can also be seen in cases where the incident sound 
wave strikes a series of smaller reflective objects (such as the gas-fluid mixture in 
the small bowel) which results in multiple reflected sound waves of various angles 
and intensity (Fig. 17). 
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This familiar artifact may obscure important anatomic information and is fre- 
quently encountered during renal ultrasound. It may be overcome by changing the 
transducer location and the angle of insonation. 


Modes of Ultrasound 
Gray-Scale, B-Mode Ultrasound 


Gray-scale, B-mode ultrasound (brightness mode) produces images via a transduc- 
er which sends out ultrasound waves in a carefully timed, sequential way (pulsed 
wave). The reflected waves are received by the transducer and interpreted for dis- 
tance and amplitude. Time of travel is reflected by position on the image monitor and 
intensity by “brightness” of the corresponding pixel. Each sequential line-of-sight 
echo is displayed side-by-side and the entire image refreshed at 15—40 frames/s. 
This results in the illusion of continuous motion or “real-time” scanning. The inten- 
sity of the reflected sound waves may vary by a factor of 10 or 120 dB. Although 
the transducer can respond to such extreme variations in intensity most monitors 
or displays have an effective range of only 10° or 60 dB. Each of 512x512 or 
512x640 pixels may display 2° or 256 shades of gray [3]. Most ultrasound units 
internally process and compress ultrasound data to allow it to be displayed on a 
standard monitor. Evaluation of gray-scale imaging requires the ability to recognize 
the normal patterns of echogenicity from anatomic structures. Variations from these 
expected patterns of echogenicity indicate disorders of anatomy or physiology or 
may represent artifacts. 


Doppler Ultrasound 


The Doppler ultrasound mode depends on the physical principle of frequency shift 
when sound waves strike a moving object. The basic principle of Doppler ultrasound 
is that sound waves of a certain frequency will be shifted or changed based on the di- 
rection and velocity of the moving reflective object as well as the angle of insonation. 
This phenomenon allows for the characterization of motion; most commonly the mo- 
tion of blood through vessels, but may also be useful for detecting the flow of urine. 

The Doppler effect is a shift in the frequency of the transmitted sound wave 
based on the velocity of the reflecting object that it strikes. If the reflecting object is 
stationary relative to the transducer then the returning frequency will be equal to the 
transmitted frequency. However, if the echo generating object is traveling toward 
the transducer the returning frequency will be higher than the transmitted frequency. 
If the object generating the echo is traveling away from the transducer then the 
reflected frequency will be lower than the transmitted frequency. This is known as 
the frequency shift, or Doppler shift (Fig. 18). 
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Fig. 18 Dopper effect. Fp is Stationary target: (Fp — Fq) = 0 
the transmitted frequency. 
When the F, strikes a station- 
ary object the returning fre- 
quency F, is equal to the F,. 
When the F, strikes a moving 
object the F, is “shifted” to a 
higher or lower frequency 


The frequency shift of the transmitted wave is also dependent on the angle of the 
transducer relative to the object in motion. The maximum Doppler frequency shift 
occurs when the transducer is oriented directly on the axis of motion of the object 
being insonated. That is, when the transducer is oriented parallel (angle 8=0°) to 
the direction of motion, the shift is maximal. Conversely, when the transducer face 
is oriented perpendicular to the direction of motion (angle 0=90°) there will be no 
shift in Doppler frequency detected (Fig. 19). 

An accurate calculation of velocity of flow depends on the angle (8) between the 
transducer and the axis of motion of the object being insonated (Fig. 20a). 

Color Doppler ultrasonography allows for an evaluation of the velocity and di- 
rection of an object in motion. A color map may be applied to the direction. The 


Fig. 19 (4) Maximum 
frequency shifts are detected 
when the transducer axis is 
parallel to the direction of 
motion. (B) No frequency 
shift is detected when the 
transducer axis is perpendicu- 
lar to the direction of motion 
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Fig. 20 a Angle of insonation. The calculated velocity of an object using Doppler shift is depen- 
dent on the transducer angle (0). If the transducer axis is perpendicular to the direction of flow 
(90°) then the cosine of 9 is 0. Based on this formula for Doppler shift (AF), the detected frequency 
change would be 0 (Radiographics. 1991;11:109—-19). b In this image of an artery, blood is flowing 
through the curved vessel from A to C. Flow toward the transducer (A) is depicted in red. Flow in 
the middle of the vessel (B) is perpendicular to the transducer axis and produces no Doppler shift 
thus, no color is assigned even though the velocity and intensity of flow are uniform through the 
vessel. Flow away from the transducer (C) is depicted in blue 


Fig. 21 The transducer angle 
should be <60° relative to the 
axis of fluid motion to allow 
a more accurate calculation 
of velocity of flow 
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Blood vessel 


most common color map uses blue for motion away from the transducer and red for 
motion toward the transducer (Fig. 20b). 

The velocity of motion is designated by the intensity of the color. The greater the 
velocity of the motion, the brighter is the color displayed. Color Doppler may be 
used to characterize blood flow in the kidney, testis, penis and prostate. It also may 
be useful in the detection of “jets” of urine emerging from the ureteral orifices. An 
accurate representation of flow characteristics requires attention to transducer ori- 
entation relative to the object in motion. Therefore, in most clinical circumstances 
the angle between the transducer and the direction of motion should be less than or 
equal to 60° (Fig. 21). 
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Fig. 22 Beam steering. 

In image (A) the angle of 
insonation is 75° (yellow 
circle) which is unfavor- 

able for accurate velocity 
calculations. This is because 
the axis of the transducer is 
perpendicular to the vessel. In 
image (B) the beam has been 
“steered” to produce an angle 
of 55° (yellow circle) without 
changing the physical posi- 
tion of the transducer. The 
resultant velocity calculation 
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When it is not possible to achieve an angle of 60° or less by manipulation of the 
transducer, the beam may be “steered” electronically to help create the desired angle 
§ (Fig. 22). The electronic caliper should ideally be 3⁄4 of the vessel diameter. The 
electronic cursor needs to be lined up with the vessel. Therefore, when interrogating 
cavernosal vessels which run 90° to the direction of the ultrasound beam, electronic 
beam steering is often needed to make the angle 8 60° or less. 

Power Doppler ultrasonography is a mode which assigns the amplitude of 
frequency change to a color map. This does not permit evaluation of velocity or 
direction of flow but is less affected by back-scattered waves. Power Doppler is 
therefore less angle-dependent than color Doppler and is more sensitive for detect- 
ing flow [4]. 

When a sound wave strikes an object within the body, the sound wave is al- 
tered in a variety of ways including changes in frequency and changes in amplitude 
(Fig. 23). 

While color Doppler assigns the changes in frequency to a color map, power 
Doppler assigns changes in integrated amplitude (or power) to a color map. It is 


Fig. 23 Backscatter is 
defined as a combination of 
changes in frequency and 
amplitude which occur in the 
reflected sound wave of a 
primary frequency 
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Power Color Map 


Fig. 24 a For power Doppler the intensity of color is related to changes in amplitude (power) 
rather than changes in frequency. b In this sagittal image of the testis, power Doppler blood flow is 
demonstrated. Note that the color map depicted to the left of the image does not have a scale since 
quantitative measurement of velocity is not display with standard power Doppler 


possible to assign low level back scattered information to a color which is unobtru- 
sive on the color map, thereby allowing increased gain without interference from 
this backscattered information (Fig. 24). Power Doppler may be more sensitive than 
color Doppler for the detection of diminished flow [4]. 

The amplitude of the Doppler signal is signified by the brightness of the color. 
Because frequency shift is not displayed in standard power Doppler the direction 
and velocity of flow are not indicated. 


Directional Color Power Doppler 


There is also a recent hybrid mode called directional Color Power Doppler (DCPD) 
where Power Doppler information in combined such that direction information can 
be color coded. (DCPD) Directional color power Doppler combines power (ampli- 
tude) of the Doppler signal with directional (phase) information to encode direction 
and variations in blood flow. This is a very sensitive ultrasound modality and fre- 
quently requested by the end user. 

Color Doppler with spectral display is a mode which allows the simultaneous 
display of a color Doppler image and representation of flow as a wave form within 
a discrete area of interrogation. This mode is commonly used to evaluate the pattern 
and velocity of blood flow in the kidney, testis and penis (Fig. 25). 

The spectral waveform provides information about peripheral vascular resis- 
tance in the tissues. The most commonly used index of these velocities is the resis- 
tive index (Fig. 26). 

The resistive index may be helpful in characterizing a number of clinical condi- 
tions including renal artery stenosis and ureteral obstruction. Since the velocity is 
represented on a scalar axis, it is necessary to set appropriate scalar limits to prevent 
artifacts. Therefore, it is necessary to know the expected velocity within vessels 
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Fig. 25 In this example, the cavernosal artery is show in real-time gray scale ultrasound with color 
Doppler overlay. The caliper in the interrogation box (A) is positioned over the vessel of interest 
and the angle of insonation is indicated by marking the orientation of the vessel with a cursor (B). 
The velocity of the flow within the vessel is depicted quantitatively in the spectral display (C) 


pertinent to genital ultrasound (Table 2) [5]. The clinical use of resistive index for 
evaluation of scrotal and penile vessels is described in subsequent chapters. 


Artifacts Associated with Doppler Ultrasound 


The twinkle artifact is produced when a sound wave encounters an interface which 
produces in an energetic reflection of the sound wave. In ultrasound modes such 
as power and color Doppler this can cause a distortion in the returning sound wave 
that gives the appearance of motion distal to that interface. The resulting Doppler 
signal appears as a trailing acoustic “shadow” of varying intensity and direction 
known as twinkle artifact. Although this artifact may be seen in a variety of clinical 
circumstances (e.g., twinkle artifact produced by the interaction of an ultrasound 
wave with a Foley catheter balloon in the bladder) it often helpful clinically in 
evaluating hyperechoic objects in the kidney. Stones often have a twinkle artifact 
(Fig. 27) whereas arcuate vessels and other hyperechoic structures in the kidney 
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Fig. 26 The resistive index (RT) is the peak systolic velocity (4) minus the end-diastolic velocity 
(B) over the peak systolic velocity (4) 


Table 2 Expected velocity in penile and testicular vessels. Peak systolic velocity (PSV), end 
diastolic velocity (EDV) and resistive index (RI) are noted 


Vessel/Parameter Normal value 

Penile artery (PSV) >35 cm/s (after vasodilators) [5] 
Penile artery (EDV) <5 cm/s [6] 

Penile artery (RI) > 1.0 in flaccid and rigid phallus 
Intratesticular artery (PSV) 5-14 cm/s [7] 

Intratesticular artery (EDV) 2-3 cm/s [7] 

Intratesticular artery (RI) <0.6 


Fig. 27 Twinkle artifact. The effect produced by the interaction of sound waves at an interface 
with high impedance differences (in this case a tunica albuginea calculus) (/arge arrow in images 
a & b) which produces an artifact of Posterior shadowing in a gray-scale image (a) (arrows) and 
turbulent motion with some twinkling in (b) (arrows) 
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Fig. 28 Aliasing. In this illustration where a sine wave is the real-time event and the vertical 
arrows represent the frequency of interrogation we see that frequent interrogation produces an 
accurate representation of the event. An accurate depiction of an ultrasound event must meet 
the condition: f >2b, where f, is the sampling frequency and 2b is the highest frequency in the 
event. This is known as the Nyquist rate. (Diagram adapted from Diagnostic ultrasound, 3rd Ed., 
Fig. 1-40, p. 33.) 


usually do not. Not all calcifications display the twinkle artifact. Calcifications of 
the renal artery and calcifications within tumors and cysts may also produce the 
twinkle artifact [6]. 

Aliasing is an artifact which occurs when the ultrasound interrogation of an event 
occurs at a frequency which is insufficient to accurately represent the event. How- 
ever, when interrogation occurs at infrequent intervals only portions of the actual 
event are depicted resulting in an inaccurate representation of that event. Aliasing 
occurs when the interrogation frequency is less than twice the maximum shifted 
Doppler frequency (Fig. 28). 

Normal laminar unidirectional blood flow is depicted as a single color on color 
Doppler. Spectral Doppler shows a complete waveform (Fig. 29). During color 
Doppler scanning, aliasing is most commonly seen as apparent turbulence and 
change in direction of blood flow within a vessel. During spectral Doppler scanning 
the aliasing phenomenon is seen as truncation of the systolic velocity peak with 
projection of the peak below the baseline (Fig. 30). 

This artifact can be overcome by decreasing the frequency of the incident sound 
wave, increasing the angle of insonation (8) or increasing the PRF. 
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Fig. 29 Spectral Doppler. 

a Blood flow appears unidi- 
rectional on color mapping 

in this color Doppler image 
with spectral flow analysis. 

b The waveform is accurately 
depicted on spectral analysis 


Harmonic Scanning 


A primary frequency will produce a reflected wave including not only the transmit- 
ted frequency but “harmonics” which are multiples of that transmitted frequency. 
Harmonic scanning makes use of aberrations related to the non-linear propagation 
of sound waves within tissue. These asymmetrically propagated waves generate 
fewer harmonics but those which are generated have greater amplitudes (Fig. 31). 


Fig. 30 In this color Doppler ultrasound with spectral flow, aliasing is demonstrated by appar- 
ent changes in velocity and direction on the color map assigned to the vessel (A). Aliasing of the 
spectral waveform is seen as truncation of the peak systolic velocity (B) with projection of the peak 
below the baseline (C) 


50 


Fig. 31 Non-linear propaga- 
tion of sound waves in tissue 
results in fewer but more 
energetic harmonics which 
may be selectively evaluated 
in the returning echo 


Linear propagation 
A 


x a. a 
¢ s 
À 


. 


B. R. Gilbert and P. F. Fulgham 


r— Non-linear propagation 


Pressure 


Since these harmonics are less subject to scattering associated with the incident 
wave there is less noise associated with the signal. By selectively displaying the 
harmonic frequencies which are produced within the body and reflected to the trans- 
ducer, it is possible to produce an image with less artifact and greater resolution. 

Spatial compounding is a scanning mode whereby the direction of insonation is 
sequentially altered electronically to produce a composite image. This technique re- 
duces the amount of artifact and noise producing a scan of better clarity [7] (Fig. 32). 

Three-dimensional (3D) scanning produces a series of images (data set) which 
can then be manipulated to generate additional views of the anatomy in ques- 
tion (Fig. 33). 3D rendering may be important in procedural planning and precise 


Fig. 32 Spatial compounding 
results in a composite image 
by combining data from 
multiple scanning angles 
produced by automated beam 
steering. The resulting image 
is more detailed with less 
artifact 


Conventional scanning 


Spatial Compounding 
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Fig. 33 Three-dimensional 
(3D) scan of the testis is a 
reconstructed data set from 
sequential two-dimensional 
(2D) images 


volumetric assessments [8]. 3D scanning may allow the recognition of some tis- 
sue patterns which would otherwise be not apparent on two-dimensional (2D) 
scanning [9]. 


Contrast Agents in Ultrasound 


Intravenous compounds containing microbubbles have been used for enhancing 
the echogenicity of blood and tissue. Microbubbles are distributed in the vascu- 
lar system and create strong echoes with harmonics when struck by sound waves. 
The bubbles themselves are rapidly degraded by the interaction with the sound 
waves. Machine settings producing a low mechanical index (see Chap. “Scrotal 
Ultrasound”) are desirable to reduce destruction of the microbubbles [10]. Contrast 
agents may be useful in prostatic ultrasound by enhancing the ability to recognize 
areas of increased vascularity [11]. The use of intravenous ultrasound contrast 
agents is considered investigational but has shown promise in a number of urologic 
scanning situations. The ability to demonstrate vascular enhancement without expo- 
sure to potential toxic contrast agents or ionizing radiation makes contrast-enhanced 
ultrasound a promising urologic imaging modality. 


Sonoelastography 


The ability to access pathology by palpation has long been a key part of the Physi- 
cian’s physical examination. Hard lesions are often a sign of pathology. Sonoelas- 
tographraphy (tissue elasticity imaging) is an evolving ultrasound modality which 
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adds the ability to evaluate the elasticity of biological tissues. Essentially, it gives 
a representation, using color, of the softness or hardness of the tissue of interest. 
But how do we use ultrasound to “palpate” an organ? To do so requires a mechani- 
cal wave to be produced in the tissue of interest. Presently, there are two ways to 
produce this mechanical wave: real-time elastography (RTE) and shear wave elas- 
tography (SWE). 


1. In RTE an external, non-quantifiable mechanically produced compression wave 
travels quickly in tissue (1540 m/s). These waves successively compress tis- 
sue layers producing backscattered reflected waves which are received and pro- 
cessed by the ultrasound equipment. Since the stress producing the mechanical 
compression wave cannot be directly measured, only a relative elasticity can be 
determined. 

2. In SWE the shear wave produced by piezoelectric crystals can be precisely mea- 
sured an travel much slower (1—10 m/s) and propagates by creating a tangential 
“sliding” force between tissue layers. The elasticity (E), density of the tissue 
(p, kg/m?) and shear wave propagation speed (c) are directly related through the 
equation E=3 pc?. Therefore, by measuring the shear wave propagation speed, 
the elasticity of the tissue can be directly determined. 


Several approaches for elastography have been introduced. All of them have three 
common steps: 


1. Manually compress (RTE), or automatically generate (SWE) a low frequency 
vibration in tissue to induce stress 

2. Image the tissue with the goal of analyzing the resulting strain 

3. Define a parameter related to tissue stiffness 


The principle of elastography is based on the concept that a given force applied to 
softer tissue results in a larger displacement than the same force applied to harder 
tissue. By measuring the tissue displacement induced by compression, it is pos- 
sible to estimate the tissue hardness and to differentiate benign (soft) from malig- 
nant (hard) lesions. This relationship between stress (s) and strain (e) is given by 
Young’s Modulus or Elasticity (£), 


E=- 
e 


E is larger in hard tissues and lower in soft tissues. 

Visually, the elasticity of a tissue is represented by color spectrum. Be aware that 
the color given to hard lesions is determined by the manufacturer of the equipment 
as well as being able to be set by the user. Therefore, just as in using color Doppler, 
the user needs to look at the color bar (Figs. 34 and 35) to know what color repre- 
sents a “hard” and “soft” lesion. 

The three methods commonly used for sonoelastography are: 


1) Quasi-Static ultrasound or RTE (Fig. 36): Deformation is induced by manually 
pressing on the anatomy with the transducer, and measured using ultrasound. 
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Fig. 34 A small hypoechoic 
vascular lesion (lower panel) 
found with B mode ultra- 
sound is shown in the upper 
panel to be a soft (blue) 
lesion with shear wave ultra- 
sound. Biopsy confirmed a 
sertoli cell nodule. (Berkoff J, 
SuperSonic Imagine, Aix en 
Provence, France.) 


Fig. 35 Another 4 mm 
hypoechoic nodule found on 
ultrasound with vascular flow 
internally (arrowhead). Real 
time sonoelastography (RTE) 
suggested a hard nodule (with 
this equipment blue is hard 
not soft). Close follow up with 
ultrasound every 3 months 
found no increase in size of 
the nodule. It was therefore 
considered “probably” benign. 
(Goddi A, et al. Eur Radiol. 
2012; 22:721-30.) 


RTE is a qualitative technique. Due to the requirement of manual displacement, 
RTE is not able to measure absolute tissue stiffness as currently employed. Its 
major benefits is that it has a high spatial resolution, is a real time measurement, 
and does not require any modifications to conventional ultrasound hardware. 
Companies utilizing this technique include Siemens Healthcare, Toshiba Medi- 
cal, Medison, GE Healthcare and Philips Healthcare. 

2) Dynamic elastography: A continuous low-frequency vibration induces stationary 
waves which are evaluated to determine elasticity. This approach is used more 
often with magnetic resonance imaging (MRI) since it requires manipulation of 
two devices simultaneously. 

3) SWE (Fig. 34): Low frequency (~100 Hz) pulses are rapidly transmitted into 
the tissue to induce a vibration in the tissue. Depending on the manufacturers 
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Fig. 36 Overview of RTE. a The anatomy is scanned with a conventional ultrasound probe, which 
is moved very slightly up and down (much less than is shown here). In this example, the dashed 
circle is stiffer than the surrounding material. b Anatomical displacement in the axial direction is 
calculated everywhere in the ultrasound image. e Gradient estimation in the axial direction and 
filtering gives an estimate of axial strain. d A normalized version of the axial strain is converted 
to gray scale and displayed as an image, where black is stiff and white is soft. From real-time 
quasi-static ultrasound elastography. (Treece G, et al. Interface Focus. 2011 Aug 6; 1(4):540-52.) 


implementation, the vibrations can be induced in a single area (e.g. Siemens 
Acoustic Radiation Force Imaging (ARFI), or in a vertical plane by rapidly alter- 
ing focal depth, e.g. SuperSonic Imagine ShearWave™ Elastography). Subse- 
quently the observation of the propagation velocity of these generated transient 
pulsed shear waves determines the visco-elastic properties of the tissues. Two 
typical limitations of generated shear waves are that they are very weak result- 
ing in only a few millimeters of propagation, and that detection of shear wave 
propagation requires very rapid acquisition speeds (>5000 Hz), which may limit 
the area of detection. However, some new generation ultrasound systems have 
overcome these obstacles and allow large areas of interest to be displayed at near 
real-time imaging frame rates. 


Two recent studies have used RTE to differentiate benign from malignant testicular 
lesions, as it is postulated that malignant lesions have an increased stiffness due to 
a higher concentration of vessels and cells compared to surrounding tissues. Goddi 
et al. assessed 88 testes with 144 lesions and found a 93 % positive predictive val- 
ue, 96% negative predictive value, and 96% accuracy [12], Algner et al. assessed 
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50 lesions and a 92% positive predictive value, 100% negative predictive value, 
and 94% accuracy in differentiating malignant from benign lesions [13]. Addition- 
ally, Li et al. found that men with non-obstructive azoospermia had a significantly 
different testicular elasticity compared to patients with obstructive azoospermia and 
healthy controls with a normal semen analysis [14]. Real time tissue elastography 
is an exciting new innovation in assessing abnormalities on scrotal examination, 
however more data is necessary prior to avoiding surgical intervention based on the 
findings. 


Bioeffects and Patient Safety 


Urologists who perform and interpret ultrasound in their office must have a thor- 
ough knowledge of the potential bioeffects of ultrasound in human tissues and how 
to maintain the ultrasound equipment to protect patient safety. Diagnostic ultra- 
sound transmits energy into the patient which has the potential to produce biological 
effects. The maximum output of ultrasound energy by ultrasound devices is regu- 
lated by the US Food and Drug Administration (FDA). In general, these ultrasound 
devices allow enough energy to accomplish diagnostic goals but prescribe a margin 
of safety. The total energy imparted during an ultrasound examination is controlled 
by the operator through (1) power output, (2) selection of frequency, (3) mode of 
ultrasound, (4) technique, and (5) duration of the examination. 


Bioeffects of Ultrasound 


As ultrasound waves enter biological tissues some of the energy is transmitted, 
some is reflected and some is dissipated as heat. The interaction of ultrasound with 
human tissue produces thermal effects and mechanical effects. 


Thermal Effects 


The most important thermal effect of ultrasound is tissue heating. Tissue heating 
as a result of ultrasound imaging occurs on the basis of scattering and absorption 
which are two mechanisms of attenuation. Absorption of ultrasound by tissue re- 
sults in the conversion of mechanical acoustic energy into heat. The amount of heat 
generated is directly proportional to the frequency of the wave, the amplitude of the 
wave and the duration of exposure. 

The work performed by ultrasound as it passes through tissue is given in Watts 
(W), which is a measure of acoustic power per unit of time. The distribution of 
acoustic power over area is intensity. Intensity is the amount of energy distributed 
per unit tissue and is expressed by the formula Intensity =Power/Area=(W/cm’). 
Intensity is influenced by the cross-sectional area of the ultrasound beam. The same 
amount of acoustic power distributed in a smaller area results in increased intensity. 
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Fig. 37 Testicular cyst. The 
tissue distal to this testicular 
cyst (gridded area) is prone 
to more tissue heating 
because soundwaves passing 
through the cyst are less 
attenuated than those passin - 3 
through adjuvant la i Tissue at increased 


parenchyma 2 risk for heating 


‘= Testicular cyst 


The amount of heating which occurs in human tissue as the result of ultrasound 
exposure is directly proportional to the intensity. Thus, beam focusing in a specific 
anatomic region will result in more heating in that area because of increased acous- 
tic intensity at that location. 

Temperature factors also influence the amount of tissue heating. The fraction 
of time that the transducer is producing pulses (called the duty cycle) and the total 
amount of time a tissue is exposed to the beam (called the duration time) influences 
tissue heating. A low duty factor and a short duration time reduces tissue heating. In 
standard scanned modes of ultrasound (e.g. gray scale, power and color Doppler), 
the transducer is being moved at frequent intervals, reducing duration time and lim- 
iting imaging of specific tissue areas. Blood flow in tissues also tends to dissipate 
heat, resulting in less temperature increase in the tissue. 

The type of tissue being insonated also influences tissue heating. Tissues which 
rapidly attenuate sound (i.e. those with high impedance such as bone) experience 
more heating. Soft tissue heating may also occur when less attenuated waves strike 
these tissues. This may occur in tissue posterior to a fluid filled structure such as a 
cyst (Fig. 37). 

Tissue heating of up to 1 °C may occur during diagnostic imaging at tissue/bone 
interfaces. Localized tissue heating seems to be safe up to about 2—5°C [15]. In 
most diagnostic scanning applications the amount of tissue heating is negligible. 
The beneficial effects of tissue heating are utilized in therapeutic ultrasound for 
joints and muscles. At high intensity levels (for example with high intensity focused 
ultrasound (HIFU)) the biological effects of heating and cavitation are used to de- 
stroy diseased tissue [16]. 

Standard gray-scale imaging generates the least tissue heating because the pulse 
duration is short and pulse-repetition frequencies (PRFs) are low. Color flow Dop- 
pler and power Doppler produce intermediate tissue heating. Tissue heating asso- 
ciated with routine diagnostic ultrasound is not known to produce tissue damage, 
cause deterioration of proteins, or to have teratogenic effects. Spectral Doppler im- 
aging is an unscanned mode which uses longer pulses and higher PRFs (to avoid 
artifacts such as aliasing) and therefore has an increased potential for heating. Spec- 
tral Doppler involves longer duration times as individual vessels are interrogated in 
a fixed scanning position (Fig. 38) [17]. 
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Fig. 38 Potential for tissue POTENTIAL FOR TISSUE HEATING 
heating. Relative likelihood 
of tissue heating by mode of 
ultrasound is based in part 
on pulse repetition frequency 
(PRF) and duration of tissue 
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Ultrasound energy generates an acoustic field in tissue. The acoustic field generates 
mechanical forces which affect tissue at both microscopic and macroscopic levels. 
Pressure exerted by the field creates torque and induces motion called streaming. 
These forces may potentially damage cells or tissues and also contribute to tissue 
heating. 

One phenomenon associated with acoustical fields, cavitation, deserves special 
attention since it has been shown to cause tissue damage in animal models [18]. 
Cavitation occurs when gas bubbles within tissue begin to first oscillate or vibrate 
in response to ultrasound and then collapse. This collapse causes a violent move- 
ment of individual adjacent particles within the tissue which, in turn, causes tissue 
damage. This damage may take the form of rupture of cells or blood vessels or 
chromosomal (ultrastructural) damage. In addition, the heat produced by the rapid 
collapse of gas bubbles may result in the formation of toxic chemical by-products 
(Fig. 39) [18]. 


Fig. 39 Cavitation. The 
Oscillation, examination 
and collapse of gas bodies is 
cavitation. The mechanical 


effects of acoustic fields are E 
most likely to occur at gas/ 

fluid interfaces. Thus cavita- N 

tion effects (such as petechia © 
formation) would most likely 

be seen in the lung or bowel. % 
The threshold for cavitation Toxins 
is approximately 1 kW/cm? 

(far higher than the average Oscillation of gas Collapse of gas bodies 
intensity of 100 mW/cm2 bodies within an with liberation of 
generated by most clinical a acoustical field b energy and toxins 


scanners) [6] 
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Fig. 40 The mechanical 
index (MI) and thermal 

index (TI) are calculated 
estimates of the potential for 
cavitation and tissue heating 
based study parameters and 
time of study. These are not 
direct measurements of either 
heating or pressures in the 
acoustical field 


Patient Safety 


For most urologic applications, ultrasound produces energies in human tissues 
which are within recognized safe limits. There is a well-developed body of litera- 
ture about the bioeffects of ultrasound [19]. The single most important factor in 
minimizing potential adverse effects of ultrasound is the well-informed ultrasound 
operator. 

The proper selection of acoustic output, transducer frequency and mode of ultra- 
sound for a specific indication will mitigate risks. Expeditious and efficient scan- 
ning technique is critical to limiting overall exposure. To assist the sonographer in 
monitoring the bioeffects of ultrasound, the ultrasound community adopted the out- 
put display standard (ODS) [20]. Two values are typically displayed, the mechani- 
cal index (MI) and the thermal index (TI) These indices are calculated estimates of 
the potential for bioeffects of ultrasound based on mode of ultrasound being used, 
frequency, power output and time of insonation. The MI and TI are typically dis- 
played on the monitor during ultrasound examinations and all practitioners should 
be familiar with the location. It is important to note that these indices are not safety 
limits (Fig. 40). 

The MI indicates the probability that cavitation will occur. The FDA currently 
requires clinical ultrasound not to exceed a MI of 1.90 [21]. 

For tissues not containing stabilized gas bodies (lung and intestine) the risk of 
cavitation is low as long as the MI is <0.7. For structures adjacent to lung or intes- 
tine, scanning time should be limited if the MI exceeds 0.4 (Fig. 41). 

The TI indicates the probability that tissue temperature within the sonographic 
field will be increased by 1 °C. More precisely, the thermal index is the ratio of total 
acoustic power to the acoustic power required to raise tissue temperature by 1 °C 
with the assumption that the average ultrasonic attenuation is 0.3 dB/cm-MHz along 
the beam axis in the body [22] The precise consequences of tissue heating are not 
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Fig. 41 The risk for cavita- 
tion is higher in tissues which 
are in proximity to non-stabi- 
lized gas. In this image of a 
ruptured testis (arrow heads) 
after a gunshot wound gas is 
seen within the parenchyma 
of the testis (large arrows). 
Normal tunica albugine 

is present anteriorly (thin 
arrows) 


completely understood but even tissue temperature elevations of up to 6°C are not 
likely to be dangerous unless exposure time exceeds 60 s [23] (Fig. 6). 

In general, ultrasound performed by urologists has a low risk for patient harm as 
long as standard protocols are followed. Although tissue heating may occur, there 
are no confirmed biologic effects of tissue heating in non-fetal scanning except 
when they are sustained for extended periods. “For soft tissues not containing gas 
bodies, there is no basis in present knowledge to suggest an adverse non-thermal 
bioeffect from current diagnostic instruments not exceeding the U.S. FDA out- 
put limits.” Nevertheless, all urologists should endeavor to follow the principles 
of ALARA which stands for “As Low As Reasonably Achievable.” The ALARA 
principle is intended to limit the total energy imparted to the patient during an ex- 
amination. This can be accomplished by (1) keeping power outputs low, (2) using 
appropriate scanning modes, (3) limiting exam times (4) adjusting focus and fre- 
quency, and (5) using the cine function during documentation. 


Scanning Environment 


The physical environment where ultrasounds are performed should have adequate 
room for ultrasound equipment with the ability to control lighting and tempera- 
ture. The exam table should have a height adjustment for sonographer comfort and 
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ease for patient access. If there are windows in the exam room they should have 
adjustable coverings to reduce the light and glare on the monitor and to preserve 
patient privacy. The scanning environment plays a major role in protecting patients 
and maximizing operator efficiency. Urologists should personally arrange the ultra- 
sound equipment and the environment in pursuit of these two goals. Policies and 
procedures should be in place to provide for the safety of patients and personnel. 
Infection control policies and procedures should be in place including adherence 
to universal precautions and proper care, cleaning and maintenance of equipment. 


Patient Identification and Documentation 


Patient identification should be verified prior to performing ultrasound procedures. 
The ultrasound images should be labeled with patient identification, facility name 
or name of physician/sonographer performing the study, date of the study, and type 
of study. A separate report should be generated that includes the same elements as 
those on the ultrasound image along with an interpretation of the findings and the 
name of physician interpreting the study. The report and images should be included 
in the patient’s medical record. 


Equipment Maintenance 


Ultrasound equipment should be in good operating condition and undergo routine 
calibration at least once per year [24]. Equipment manufacturer specifications and 
federal and state guidelines for the maintenance of ultrasound equipment should be 
followed. Equipment should be routinely inspected and tested for electrical safety. 
When transporting ultrasound equipment care should be taken to ensure that trans- 
ducers, transducer cords, and electrical cords are secured to the machine. 


Cleaning and Disinfection of Ultrasound Equipment 


The ultrasound probes, cables and machine should be cleaned immediately follow- 
ing each study. Ultrasound probes have delicate parts which can be damaged by 
inappropriate handling so equipment manufacturer guidelines should be followed 
when cleaning probes and equipment. The cleaning method and level of disinfec- 
tion for probes will depend on the specifics of the procedures and the nature of 
tissue encountered. 

When a scrotal ultrasound is performed on intact scrotal skin the guidelines for 
disinfection and sterilization of noncritical devices published by the Centers for 
Disease Control (CDC) should be followed. If the skin is not intact then disinfection 
and sterilization of semicritical devices published by the CDC should be followed. 
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Noncritical disinfection involves using a low level disinfectant. The probes 
should be cleaned immediately following the procedure. Allowing gel to dry on the 
probe makes cleaning more difficult. Staff should wear gloves when cleaning the 
probes and equipment. The probe should be disconnected from the ultrasound unit 
when cleaning. Ultrasound gel should be removed from the probe by wiping with a 
soft cloth. Clean the probe with mild soap and water. Spray or wipe with a low level 
disinfectant and allow to air dry. To avoid skin irritation from the disinfectant, rinse 
the probe under running water or wipe with a wet cloth immediately prior to the 
next use. The manufacturer’s approved disinfectant should be used to avoid damag- 
ing the probe. When placing the probe under running water, care should be taken to 
keep water away from the junction of the probe and the cable. Do not immerse the 
entire body of the probe as this may compromise the electrical safety characteris- 
tics. Each manufacturer will give specific instructions about the proper immersion 
levels for probes. A small soft brush may be used to clean crevices where gel may 
accumulate. To clean the probe holder, remove gel and debris from the probe holder 
and wipe or spray with the ultrasound manufacturer’s approved disinfectant. Return 
the transducer to the probe holder and secure the cables so they do not touch the 
floor to reduce the risk of rolling the cart wheels over the cables. Take care not to 
twist or kink the cables as excessive bending may damage the cable and its insulat- 
ing properties. 

Semicritical disinfection requires the use of a high-level disinfectant such as 
glutaraldehyde. Some disinfectants may damage the sensitive probe so the manu- 
facturer will recommend acceptable disinfectants. Follow the guidelines for clean- 
ing listed in the previous paragraph but use a high-level disinfectant for the probe 
and probe holder. 


Maximizing Image Quality: User Dependent Variables 


Ultrasound is a tool used for the diagnosis and management of urologic disease. An 
ultrasound examination performed and interpreted by the clinician combines knowl- 
edge of the underlying anatomy and disease processes with technical expertise to 
produce images of superior quality which answer a specific clinical question. The 
interpretation of urologic images is an integral part of the training of all urologists. 
The technical performance of the study and the ability to maximize image qual- 
ity is a learned skill. Current ultrasound equipment is a sophisticated combination 
of mechanical equipment and software which is capable of producing exquisitely 
detailed anatomic images. Almost all current ultrasound equipment includes preset 
applications which optimize machine settings for imaging of specific organs or re- 
gions of the body. These presets save a great deal of time because they set scanning 
parameters which are favorable for most patients. However, there are many clinical 
circumstances in which these presets will need to be adjusted by the individual per- 
forming the ultrasound examination. An understanding of the underlying physical 
principles of ultrasound, proper probe selection and machine settings is critical to 
producing good diagnostic quality images. 
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Fig. 42 There are a large Frequently Used Adjustable Machine Settings 
number of parameters and 


settings which may be modi- : 
fied by the user. These seven e Gain 
represent commonly used 

adjustments and functions for 


manipulating image quality e Frequency 


e Time-gain compensation 


e Depth / Size 
e Field of view 


e Cine function 


Tuning the Instrument 


The goal of adjusting machine settings is to produce “a good quality image.” Ac- 
cepted characteristics of a good quality image include: (1) Sufficient and uniform 
brightness, (2) sharp and in focus, (3) adequate size, and (4) oriented and labeled for 
documentation purposes. Desired attributes of an image may vary from individual 
to individual but these general principles should always apply. 

Several machine settings can be manipulated by the sonologist. These include 
but are not limited to gain, time-gain compensation, frequency, focal zones, depth/ 
size, field of view and cine function (Fig. 42). 

This section will explore the use of each of these “user-controlled” variables em- 
phasizing the underlying physical principles and the clinical circumstances under 
which these adjustments may be necessary. 


Transducer Selection 


Selection of the transducer is critical to maximizing image quality. The physical 
shape of the transducer may be important in certain circumstances. The image that 
is produced by a transducer may be recognized by its shape. A linear array trans- 
ducer produces a rectangular image whereas a curved array transducer produces an 
image which is trapezoidal in shape (Fig. 43). 

Linear array transducers are most commonly used in urology for imaging of the 
testes and male genitalia. The curved array transducer is more frequently used for 
abdominal scanning. However, with scrotal edema (Figs. 43b and 44) a curved array 
transducer can be helpful in visualizing both testes simultaneously. The curved na- 
ture of the probe allows gentle pressure on the patient’s abdomen or flank resulting 
in contact of the entire transducer face with the skin. Curved array transducers are 
useful for imaging between ribs or angling beneath the pubic symphysis. 

Transducers are usually multi-frequency, meaning the frequency can be switched 
electronically between a range of frequencies (e.g. 2-6 MHz for an abdominal 
transducer). It is important to select the highest frequency which has adequate 
depth of penetration for the anatomic area of interest. The higher the frequency of 
the transducer, the greater the axial resolution and the better the anatomic repre- 
sentation of the image. However, there is a trade off between frequency and depth 
of penetration. Imaging of the kidneys requires a lower frequency to penetrate to 
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Fig. 43 a The linear array 
transducer produces a Transducers 
rectangular image field. b Linear Array Curved Array 


The curved array transducer 
produces a trapezoidal or 
pie-shaped image. The shape 
of the transducer affects the 
divergence of the beam in the 
far field 


F: Peel b f 


a depth of 6-14 cm below the surface of the skin. Thus, renal scanning is usually 
performed with a curved array transducer between 2 and 6 MHz. By contrast, 
because of the close proximity of the testes to the surface of the skin, scanning of 
the testis can be performed with high frequency transducer, producing excellent 
axial resolution. A linear array transducer of 12—18 MHz is often used for testicular 
ultrasound. In scrotal edema (Fig. 44) a lower frequency curved array transducer 


Fig. 44 The selection of a curved array transducer with the frequency of 5.0 MHz may be required 
in the case of scrotal edema as shown here 
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Fig. 45 Machine settings and icons displayed on the monitor help with adjusting machine settings 
to optimize image quality 


is sometimes required to visualize a structure located several centimeters from the 
transducer. 


Monitor Display 


It is important when performing an ultrasound examination to understand the infor- 
mation that is available on the monitor. Patient demographic information, type of 
exam and facility should be entered. The monitor will usually display information 
regarding which probe is active, the frequency of the probe, and the magnification 
of the image. Information regarding overall gain and other settings is available on 
the monitor. Typically there will be a TGC curve displayed (time-gain compensa- 
tion) on one side of the image as well as color bar which demonstrates the range of 
pixel brightness or hues available. In addition, there will be gradient markings on 
one side so that depth of field can be appreciated (Fig. 45). 

By convention, when scanning organs in the sagittal view, the upper pole of the 
testis is to the left of the screen and the lower pole is to the right of the screen (Fig. 46). 

In transverse scanning, the right side of anatomic structure is displayed on the 
left side of the image just as it would be when evaluating a conventional radiograph. 
These conventions should always be followed when documenting an ultrasound 
examination; however, it may in be useful to also demonstrate the orientation of the 
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Fig. 46 In this sagittal image 
of the right testis, the superior 
pole of the testis (a) is to the 
left, the inferior pole of the 
testis (b) is to the right. The 
anterior aspect of the testis 
(c) is at the top of the image 
and the posterior aspect (d) at 
the bottom. Without the label 
(yellow circle), there would 
be no way to distinguish the 
right from the left testis 


probe using graphics or icons. When paired structures such as the kidneys or testes 
are imaged it is particularly important to designate the organ as right or left. 


User-Controlled Variables 


One of the most commonly required adjustments during ultrasound scanning is an 
adjustment to the overall gain. The gain is a control which determines the degree to 
which the electrical signal produced by a returning sound wave when it strikes the 
transducer will be amplified for display. This needs to be differentiated from acous- 
tic output which is defined as the power or amplitude of the afferent wave which is 
generated by the transducer (Fig. 47). 


Fig. 47 A typical console 
interface showing common 
user controlled variables. The 
acoustic output (A) controls 
the amplitude or power of the 
generated sound wave while 
overall gain (B) controls the 
degree to which the returning 
echo-generated electrical 
impulse will be amplified 
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GAIN 


a Excessive Gain b Insufficient Gain c Appropriate Gain 


Fig. 48 In this image, a excessive gain settings make it difficult to distinguish the testicular paren- 
chyma from the tunica albuginea. (In image b insufficient gain makes it difficult to visualize the 
testicular parencyma). Image c demonstrates appropriate gain allowing good demarcation between 
tunica albuginea and testicular parenchyma as well as good visualization of testicular parenchyma 


Both gain and acoustic power can be controlled by the operator; however, 
acoustic output is limited by the manufacturer in compliance with industrial 
safety standards such as the Acoustic Output Measurement Standard for Diag- 
nostic Ultrasound Equipment, Revision 3, National Electrical Manufacturers 
Association, 2009. In general, when the gain is increased the resultant image is 
brighter or more hyperechoic. When there is excessive overall gain the image 
often appears bright and “washed out.” When there is insufficient overall gain, 
the image is often dark or hypoechoic, and it is difficult to distinguish between 
adjacent structures (Fig. 48). 

It is generally more desirable to increase or decrease the gain rather than manipu- 
late the acoustic output. However, there may be circumstances (e.g. a very thin or a 
very heavy patient) where increases or decreases in acoustic output would be appro- 
priate. In every case, manipulations of gain or acoustic output are made to improve 
image quality. The principle of ALARA (as low as reasonably achievable) should 
always be honored when making these adjustments, imparting as little acoustic en- 
ergy into the patient as will provide an adequate image. 

Time-gain compensation is another way to control the amplification of the 
signal from a returning sound wave. As opposed to overall gain, the amplifica- 
tion of these signals can be done independently by region of the scanned field. 
That is, the electrical signal generated by sound waves returning from a specific 
region inside the patient can be individually amplified using time-gain compen- 
sation controls. Time-gain compensation controls usually involve a set of sliding 
switches which can increase or decrease the amplification of a signal at a particu- 
lar depth in the scanned field. This is often displayed graphically on the monitor 
as a line or a curve which corresponds to the position of the physical slides on the 
console (Fig. 49). 

Time-gain compensation is most commonly used to amplify the signal strength 
from regions of the image where there is high attenuation of the sound waves or to 
decrease the amplification of the signal strength when there are areas where sound 
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Time Gain Compensation: Controls 


Fig. 49 TGC (time-gain compensation): The signal from a reflected (returning) sound wave can 
be amplified or diminished based on the depth of the reflector within the scanned field. The physi- 
cal “sliders” (open arrow) correspond to the shape of the “TGC curve” (white arrow) on the 
monitor (Fig. 50) 


Fig. 50 Note how the shape TGC: Controls 


of TGC curve corresponds to 
the pixel brightness at given 


regions of the scanned field. TGC TGC 
Acoustic output is unchanged 

by adjustments in time-gain 

compensation i 


waves are unattenuated. One frequent use of TGC in urologic scanning is to com- 
pensate for the artifactual hyperechogenicity of tissue distal to a fluid-filled struc- 
ture such as the bladder or a large renal cyst. It is often necessary to decrease the 
time-gain compensation for that region of the image distal to the fluid filled struc- 
ture so that structures in that location can be appropriately represented (Fig. 51). 

Frequency adjustment allows a multi-frequency probe to be switched between 
two or three main frequency ranges during scanning. For instance, a curved array 
probe for abdominal scanning will often have the ability to adjust from 2—4 MHz to 
3.5-5 MHz to 4-6 MHz. These ranges are specifically designed to take advantage 
of greater axial resolution with the higher frequencies and greater depth of penetra- 
tion with lower frequencies. It is useful during scanning to change between frequen- 
cies to determine what provides the best overall image quality (Fig. 52). 
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TGC Clinical Example 


Fig. 51 a Region of decreased attenuation resulting in hyperechoic appearance of tissue poste- 
rior to the urinary bladder. This artifact of increase through-transmission b can be corrected by 
decreasing the TGC curve in this region (brackets) 
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Fig. 52 The relative relationship between frequency and dept of penetration. Notice that the image 
of a kidney at 12 cm beneath the skin, a frequency of 2—4 MHz would be required to achieve an 
adequate depth of penetration 


The frequency determines the axial resolution of the scan. Axial resolution is 
the ability to identify as separate, two objects in the direction of the traveling sound 
wave. The higher the frequency the better the axial resolution. The pulse that is sent 
from a transducer is usually two or three wavelengths, and as such, has a physical 
length. This pulse must fit completely between two objects in the axial plane in 
order to discriminate those objects as separate (Fig. 53). 
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Fig. 53 a The shorter pulse length associated with this higher frequency wave is able to fit 
between the two objects in the axial plane providing good axial resolution. b The longer pulse 
length is unable to fit between the objects, thus depicting the two distinct objects as a single 
“blurred” echogenic focus 


Therefore, a pulse using a higher frequency wave has a shorter physical length 
than a pulse using a lower frequency wave. The shorter the pulse length, the better 
the axial resolution. A 5 MHz transducer produces a pulse length sufficient to pro- 
duce an axial resolution of 1 mm. 

Focal zone adjustments are made in an attempt to bring the narrowest portion of 
the ultrasound beam into the location where maximal lateral resolution is desired. 
Lateral resolution is defined as the ability to discriminate as separate, two points 
which are equidistance from the transducer (Fig. 54). 

Lateral resolution is a function of the width of the sound wave beam. The more 
focused the beam the better the lateral resolution; that is, even closely spaced ob- 
jects can be differentiated. Most transducers have a focal point producing the best 
lateral resolution and a focal range producing adequate lateral resolution (Fig. 55). 

The width of the beam can be controlled by setting the location of focal zones. 
However, the thickness of the beam (known as the elevation or Azimuth) is deter- 
mined by the characteristics of the transducer crystals and design. In general, the 
focal zone should be placed at or just distal to the area that is of maximum clinical 
interest (Fig. 56). This because the beam profile diverges quickly once it is past the 
focal zone as demonstrated in Fig. 54. 
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Fig. 54 Lateral resolution is optimized when beam width is narrow enough to fit between two 
objects equidistant from the transducer. In a the objects would be correctly displayed as separate 
objects. In b the beam width is too thick to fit between the objects and they would be displayed as 
a single “blurred” focus 


Fig. 55 The shape of the 
ultrasound beam determines 
its lateral resolution. The nar- 
rowest portions of the beam 
is its focal point or focal 
zone. The location of the nar- 
rowest point of the beam can 
be adjusted by setting foci 
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Fig. 56 The shape of the 
ultrasound beam is simulated 
in this drawing (blue). The 
focal zone (A) is located to 
produce the best lateral reso- 
lution of the testicular lesion 
(arrow). The location of the 
focal zone can be adjusted by 
the operator 


It is possible to set multiple focal zones; however, this requires the software to 
sequentially interpret returning sound waves from specific locations of the scanning 
field, slowing the frame refresh rate (Fig. 57). 

Multiple focal zones result in a slower frame refresh rate and may result in a dis- 
play motion that is discontinuous. In most urologic scanning applications a slower 
refresh rate is not a significant liability. Multiple focal zones are most useful in uro- 
logic scanning when fine anatomic detail throughout a solid structure is desirable 


Fig. 57 In this ultrasound of 
the left testis the focal range 
is set to correspond to the 
hypoechoic area of interest 
(arrow) 
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Depth-Size Function 
TOO LARGE TOO SMALL 


Fig. 58 a Depth of field has been set so that the testis fills the available display space but produces 
a grainy image. b Depth of field has been increased so that the testis occupies a very small portion 
of the available display and tissue posterior to the testis is displayed which is not relevant 


(notably, in testicular scanning). When it is desirable to produce and interpret a 
twinkle artifact during Doppler scanning it is useful to place the focus just at or 
distal to the object producing the twinkle artifact. 

Depth/size function allows the user to select that portion of the scanned field 
which will be displayed on the monitor. By adjusting the depth of field it is pos- 
sible to allow the structure of interest to occupy the appropriate proportion of the 
visual field. By limiting the area of the scanned field from which returning echo 
signals will need to be interpreted and displayed, the amount of work performed 
interpreting that returning information will be diminished and frame refresh rates 
will be improved. The depth/size function has no effect on the axial resolution of the 
image. Appropriate depth of field adjustments can improve the ability to visually 
discriminate certain structures during urologic scanning and improves the overall 
performance of the equipment (Fig. 58). 

Field of view is an adjustment to limit the width of an image so that only a por- 
tion of the available ultrasound information is interpreted. As with changes in depth 
of field, narrowing the field of view will reduce the amount of work necessary to 
interpret the returning echo data and improve frame refresh rate. It also limits the 
visual distraction of tissues which are irrelevant to a specific exam. In some cases, 
increasing the field of view may be helpful (Fig. 59). 

The cine function or clip function of most machines provides an opportunity to 
save a movie sequence of frames from the most recent scanning session, and allows 
these frames to be played back one by one. This is a very useful feature when scanning 
organs such as the testis which may be affected by movement of the testis during scan- 
ning. When a subtle finding is identified the machine can be placed in the freeze mode 
and then the sequential images captured in the cine memory can be scanned back- 
wards until the most appropriate image for measurement and documentation is identi- 
fied. The cine function is invaluable in clinical office urology because it significantly 
decreases the time necessary to perform and document a complete examination. 
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Fig. 59 Sagittal view of the testis. The field of view is often limited in the scrotal exam by the 
length of the transducer in contact with the scrotum (a). However, electronic “steering” of the 
ultrasonic beam, often termed trapezoidal imaging, can provide can increased field of view (b) 


Conclusion 


Several key points discussed in this chapter should be emphasized: 


1) Good diagnostic imaging requires an understanding of the instrument and the 
underlying physics principles used to create images. 

2) Using the correct transducer, the correct imaging mode, and applying the correct 
settings are often made easy through presets, but careful fine tuning is required. 
It is even more important to apply that knowledge to the specific anatomy being 
imaged. 

3) New imaging modes such as elastograpghy and contrast imaging may be very use- 
ful in adding new information to conventional grayscale and color Doppler exams. 

4) Understanding “knobology” and fine tuning the instruments controls is critical to 
optimize images for high diagnostic quality. 


Bioeffects of ultrasound, while highly unlikely, can occur under certain conditions, 
and therefore understanding and practicing ALARA is important when performing 
ultrasound exams. Ultrasound, is ultimately an exercise in image recognition. We 
tend to see what we know and are familiar with. Great care must be taken to ensure 
optimal image quality so that the unexpected and unfamiliar may also be recognized 
and correctly diagnosed. 
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Chapter 4 
Scrotal Ultrasound 


Etai Goldenberg and Bruce R. Gilbert 


Introduction 


Portability, safety, low cost and efficiency, together with the ability to accurately 
define pathology rapidly, have made ultrasound the primary imaging modality for 
evaluation of the scrotum, testis and paratesticular structures. These factors provide 
for timely diagnosis and treatment. Scrotal ultrasound is particularly helpful when a 
physical examination is inconclusive or a disease process prevents adequate exami- 
nation. The detailed imaging of ultrasonography is often an essential component of 
the diagnosis of a variety of symptoms including scrotal pain or trauma, infertility 
and abnormal findings on physical exam. This chapter will explore the techniques 
and protocols for performing scrotal ultrasounds in order to make the most thorough 
assessment of patient symptoms leading to diagnosis. 


Scanning Technique and Protocol 


It is our belief that the ultrasound examination is best performed by a skilled sonog- 
rapher using defined protocols. In this chapter we present our approach, realizing 
that many experienced sonographers will modify it to fit in with their needs. None- 
theless, it provides a basis to assure consistency in the examination appropriate 
documentation. Chapter 7 gives the protocol for performance of a normal scrotal 
ultrasound examination in detail. 
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Fig. 1 Patient is placed ina 
supine position with a towel 
placed under the scrotum 


Fig. 2 Patient positioning: 
the phallus is positioned up 
on the pubis, held by the 
patient or a towel 


The scrotal ultrasound is most often performed with the patient in the su- 
pine position. There are several different techniques to support the scrotum. 
The easiest is to use the patient’s legs for support. Other approaches use towels 
placed across the patient’s thighs or under the scrotum. The phallus is positioned 
up on the pubis held by the patient and/or covered by a towel for privacy (Figs. 1 
and 2). The transducer is held with examiner’s hand against the patient for stabil- 
ity (Figs. 3 and 4). 
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Fig. 3 Sonographer perform- 
ing a longitudinal view of 
the testis. Note the use of the 
fifth finger on the patient’s 
thigh to help steady the 
transducer and minimize 
movement of the testis in the 
scrotum 


Fig. 4 Sonographer position- 
ing the transducer for a trans- 
verse view of the testis. Note 
again, the use of the fifth 
finger on the patient’s thigh 
to help steady the transducer 
and minimize movement of 
the testis in the scrotum 
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Fig. 5 Schematic view Anterior 
of longitudinal scrotal 
ultrasound 
Inferior 
Posterior 
Transducer Selection 


The choice of the frequency used is determined by a balance between depth of pen- 
etration required and the detail of the image required. As the frequency increases the 
image resolution (axial resolution) improves and the depth of penetration decreases. 
Broad bandwidth transducers allow for multiple focal zones, eliminating the need 
for adjustment during the examination. Multiple frequency transducers allow the 
transducer to be set to several distinct frequencies. A high frequency (7.5—18 MHz) 
array transducer is most often used for scrotal scanning. A linear array probe with a 
“footprint” able to measure the longitudinal length of testis is ideal. A curved array 
probe can be used with a thickened scrotal wall or in the presence of scrotal edema 
or for a large testis. The curved array transducer is also useful to compare echo- 
genicity of the testes, however, the frequency is usually lower with a curved array 
probe, resulting in decreased axial resolution. Color and spectral Doppler are essen- 
tial elements of scrotal ultrasound because they provide documentation of testicular 
blood flow and paratesticular findings. The highest possible frequency, normally in 
the 7.5—18 MHz range, providing the best axial resolution and blood flow detection, 
should be used [1]. 


Overview of the Examination 


In the longitudinal view, the standard orientation of the image should be with the 
superior pole of the testis to the left and the inferior pole to the right on the monitor 
screen (Fig. 5). In the transverse plane, the standard orientation is for the patient’s 
right testis to be on the right side of the screen. Therefore, for the right testis, the 
lateral aspect is located on the left side of the screen and the medial aspect to the 
right. Conversely, for the left testis, the lateral aspect should be to the right and the 
medial aspect to the left (Fig. 6). 

The evaluation of the scrotal contents should begin with a longitudinal survey 
scan, progressing medial to lateral to get an overall impression of the testis and 
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Anterior 


Medial 


Right Epididymis Left Epididymis 


Posterior 
Fig. 6 Schematic view of transverse scrotal ultrasound as seen on the ultrasound screen with the 


right testis on the left and left testis on the right. The relative positions of each epididymis are also 
demonstrated 


paratesticular structures. If the testis is larger than the footprint of the transducer, it 
is important to document views of the superior and inferior portions of the testis in- 
cluding the epididymis in these regions. The transverse view is obtained by rotating 
the transducer to 90°. A survey scan is performed using the mid-testis as a starting 
point and proceeding first towards the superior pole then back to the to mid-testis 
before scanning to the inferior pole. 

At least one image should visualize both testes to document the presence of 
two testes and their relative echogenicity (Fig. 7). Measurements of the testicular 
width and height are taken and documented at the mid-testis. A measurement should 
also be made of the long axis at the mid-testis and a testicular volume is calcu- 
lated (Fig. 8). If the equipment being used has split-screen capabilities, comparative 
views of echogenicity can easily be made and documented. 


Fig. 7 Gray scale side-by- 
side view of both testes in 

a single image. This image 
is important to confirm the 
presence of two testes 
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Fig. 8 Gray scale ultrasound in transverse and longitudinal planes used to measure the testicular 
volume 


All relevant extratesticular structures should be evaluated, including but not limit- 
ed to the epididymis, spermatic cord, and scrotal skin. Techniques that improve visu- 
alization, such as Valsalva maneuver or upright positioning, may be used as needed. 


Color and Spectral Doppler 


Color and spectral Doppler should be considered an integral part of the scrotal US 
examination. Many inflammatory, neoplastic, and benign conditions have charac- 
teristic flow patterns that can assist in diagnosis. At least one side-by-side image 
containing both testes with identical Doppler settings should be included to evaluate 
symmetry of flow. If blood flow cannot be visualized on color Doppler (Fig. 9a), 
power Doppler may increase the sensitivity to detect blood flow (Fig. 9b) [1]. 


Fig. 9 a Color Doppler ultrasound demonstrating testicular blood flow. b Power Doppler ultra- 
sound demonstrating testicular blood flow. Note lack of directionality with power Doppler 
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Documentation 


The written report and archived images are a reflection of the quality of the ex- 
amination. The old adage “If it’s not documented, it wasn’t done” should guide the 
sonographer in developing a quality report. The static images obtained during the 
evolving ultrasound examination should represent the sonographer’s impression of 
the findings. If electronic storage space is available and the equipment allows, video 
clips, which demonstrate important findings and survey scans, can and should be 
obtained. A quality report can aid in diagnosis, and is therefore in the best interest 
of our patients. 

All the measurements and anatomical findings of the examination should be docu- 
mented. Images should be attached to the report. It is essential to include patient iden- 
tification information, the examination date, and the indications for performing the 
examination. The transducer used and its frequency should also be documented. The 
area of interest should be clearly identified. The orientation and measurements should 
be labeled along with the pertinent anatomy and any abnormalities. There is no mini- 
mum number of images that are required for proper documentation. It is a best practice 
to provide images that depict the measurements being taken and the pathology being 
described. The physician who performed the examination should sign the report. 


Indications 


There are many specific indications for scrotal ultrasound (Table 1). Scrotal ultra- 
sound is often performed when the physical examination is inconclusive or difficult 
to complete (or both) because of patient discomfort or inability of the examiner to 
precisely identify the scrotal structures on palpation. In these instances the scrotal 
ultrasound examination is therefore an integral part of the physical examination of 
the male genitalia. In other situations ultrasound evaluation is essential to diagno- 
sis and treatment and is well supported in the literature. However, the decision on 
whether or not to obtain an ultrasound study is discretionary and without a clearly 
defined evidence based approach. “Appropriateness” criteria are necessary and high 
level evidence base studies are required in order to determine appropriateness. Part 
of the work of urologic imaging research in the future should look to assess the 
limitations of the current literature and then create an evidence base that will define 
the value of the imaging services critical to the practice of urology [2, 3]. 


Normal Anatomy of the Testis and Paratesticular 
Structures 


The normal scrotal wall thickness varies between 2 and 8 mm. The scrotal wall con- 
tains the following structures: rugated skin, superficial fascia, dartos muscle, exter- 
nal spermatic fascia, cremasteric fascia and internal spermatic fascia. The scrotum 
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Table 1 Indications for scrotal ultrasound 
Assessment of scrotal mass 
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Painful enlargement 


Epididymitis/orchitis 


Testicular abscess 


Torsion 


Non-painful enlargement 


Testicular tumor 
Hydrocele 


Varicocele 


Spermatocle/epididymal cyst 


Scrotal hernia 


Cyst 


Evaluation of scrotal trauma 


Testicular rupture 


Hematocele 


Evaluation and management 


Detection of occult primary tumors in patients with metastatic germ cell tumors 


Follow-up of patients with prior primary testicular neoplasms, leukemia, or lymphoma 


Evaluation of abnormalities noted on other imaging modalities (CT., MRI, PET, etc.) 


Evaluation of intersex conditions 


Investigation of empty/abnormal scrotal sac 


Undescended testis 


Thickened scrotal skin 


Evaluation of male infertility and related issues 


Varicocele 


Intratesticular microcirculation 


Atrophic testis 


Microlithiasis 


Impaired semen quality 


Azoospermia 


Antisperm antibody 


Post operative follow up 


Varicocele 


Testis biopsy 


Hydrocelectomy 


Patients with indeterminate scrotal masses 


is separated into right and left hemiscrotal compartments by a septum termed the 
median raphe. As the testis descends in utereo from the abdomen, it acquires each 
layer of the scrotal compartment. The external spermatic fascia is derived from the 
external oblique fascia and is attached to the external inguinal ring. The cremasteric 
fascia and muscle derive from the internal oblique muscle. Encasing each testis is 
the tunica vaginalis, derived from the peritoneum, which consists of parietal and 
visceral layers. These layers are normally separated by 2-3 ml of straw colored fluid 
often referred to as a physiologic hydrocele. Ultrasound of this fluid is seen as a 
thin echo free rim around the head of the epididymis [4] (Fig. 10). The parietal and 
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Fig. 10 Gray scale ultra- 
sound showing physiologic 
hydrocele (arrow) 


visceral layers join at the posterolateral aspect of the testes where the tunica attaches 
to the scrotal wall [5]. 

The testes descend into the scrotum at approximately the 28th week of gestation- 
al age through the inguinal canal along with the processus vaginalis. The processus 
vaginalis gradually closes through infancy and early childhood. The size and shape 
of the testis changes with the age, influenced by gonadotropic hormones testicular 
volume gradually rises from birth to up to 5 months of age due to peak in gonado- 
tropic hormones levels [6, 7]. After 5 months of age, the testicular volume steadily 
declines and reaches its minimum volume at approximately 9 months of age and re- 
mains approximately the same size until puberty [8]. In newborns, the testis is round 
and gradually becomes ovoid with growth. The echogenicity of the testis increases 
in puberty due to the development of germ cell elements [9]. 

The adult testis is a smooth ovoid gland, approximately 4-5 cm long, 3 cm wide, 
2-3 cm in the anterior-posterior (AP) dimension, and typically between 20 and 
30 ml in volume. The testis exhibits medium homogenous echogenicity. A dense 
fibrous capsule the tunica albuginea envelops the testis, which is apparent as a thin 
echogenic line on ultrasound. Each testis has approximately 200-300 cone shaped 
lobules each containing at least one seminiferous tubule [10] (Fig. 11). The lobules 
are separated by the fibrous septa of tunica albuginea that extend from the medi- 
astinum of the testis in to the parenchyma of the testis [11]. Testicular lobules are 
occasionally identified on ultrasound as lines radiating from the mediastinum testis 
(Fig. 12). The seminiferous tubules contained within the lobules open into dilated 
spaces called rete testis within the mediastinum. The seminiferous tubules are long 
V-shaped tubules, both ends of which usually terminate in the rete testis. The rete 
testis is connected to the head (caput or globus major) of the epididymis with about 
8-12 efferent ductules. The normal rete testis is sonographically evident in 18% of 
patients as a hypoechoic area with a striated configuration adjacent to the medias- 
tinum testes [12]. The mediastinum testes appears as a linear avascular echogenic 
band on ultrasonography [13] (Fig. 13). 

The adult epididymis is 6-7 cm long and has three parts, the head (caput) mea- 
suring 10-12 mm in diameter, the body (corpus) measuring 2—4 mm in diame- 
ter, and the tail (cauda) about 2—5 mm in diameter. In the normal epididymis, the 
head is routinely identified at posterolateral to the upper pole of the testis. The 
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Testicular artery and veins 


Ductus deferens, 
Artery and veins 


Epididymis 
Rete testis 


Tubuli recti 
Septae 
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s Tunica albuginea covered by 


j 
tunica vaginalis (Visceral layer) 


Seminiferous tubule 


Tunica vaginalis 
(Parietal layer) 


Scrotal wall 


Fig. 11 Schematic cross section of the testis 


Fig. 12 Gray scale ultra- 
sound of a normal testis 
demonstrating testicular 
lobules separated by fibrous 
septa (arrows) 


Fig. 13 The mediastinum 
testis appears as an avascular 
echogenic line (arrow) 
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Fig. 14 The caput epididy- 
mis is triangular in shape (£) 
and is usually isoechoic or 
slightly hypoechoic com- 
pared to the testis 
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Fig. 15 Gray scale image of 
a dilated corpus epididymis 
in a vasectomized man 


caput epididymis is triangular in shape, often has the same echogenicity as the tes- 
tis (Fig. 14). However, it can be heterogenous with areas that are hyper- or hy- 
poechogenic. The smaller corpus epididymis can be seen as a hypoechoic structure 
containing multiple echogenic linear structures representing the coiled epididymal 
tubule, and lies posteriorly along the long axis of the testis (Fig. 15). 

The testicular appendages are the remnants of the mesonephric and parameso- 
nephric ducts. There are four testicular appendages: the appendix testis, the appendix 
epididymis, the vas aberrans, and the paradidymis [14] (Fig. 16). The appendix tes- 
tis and the appendix epididymis are commonly seen on scrotal ultrasound [15]. The 
appendix testis (hydatid of Morgagni) is a small ovoid structure usually at the upper 
pole of the testis in the groove between the testis and the epididymis, better seen 
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Fig. 16 Schematic showing 
the most frequent location 
of testicular and epididymal 
appendages 


in the presence of fluid around the testis. The appendix testis is the vestigial rem- 
nant of the paramesonephric (Mullerian) duct (Fig. 17). The appendix epididymis 
originates from the mesonephric (Wolffian) duct and is seen associated with the 
epididymal head on ultrasound images (Fig. 18). 

The spermatic cord is normally seen superior to the posteromedial aspect of the 
testis and contains the vas deferens, the testicular and cremasteric and deferential 
arteries, the pampiniform plexus of veins, genital branch of the genital femoral 
nerve, testicular plexus of the sympathetic trunk, and lymphatic vessels [11]. The 
blood supply to the scrotal structures is from three primary arteries: the testicular, 
deferential, and cremasteric arteries (Fig. 19). The testicular artery testis or gonadal 
artery, which arises from the aorta and courses through the scrotum with the sper- 
matic cord, is the major supply to the testis. The deferential artery, which arises 
from the superior vesical artery and supplies the vas deferens and epididymis. The 
cremasteric artery, a branch of the inferior epigastric artery, which supplies the scro- 
tal skin and coverings of the spermatic cord. As the testicular artery approaches 
the posterolateral aspect of the testis it divides. The branches pierce through the 
tunica albuginea to run in a layer called the tunica vasculosa. Capsular arteries run 
peripherally in the tunica vasculosa, supplying centripetal arteries that course to- 
wards the mediastinum and divide further to recurrent rami that flow away from the 
mediastinum [13]. The veins draining the testis and epididymis converge to form 
the pampiniform plexus at the mediastinum on the superior pole of the testis. The 


4 Scrotal Ultrasound 87 


Fig. 17 B mode (also called 
Gray scale) ultrasound show- 
ing the appendix testis 


Fig. 18 Gray scale ultra- 
sound showing the appendix 
epididymis 


pampiniform plexus is primarily drained by the testicular and external pudendal 
veins [16]. The testicular vein on the left drains into the renal vein and the testicular 
vein on the right directly into the inferior vena cava [17]. 

Ultrasongraphy with Color-Flow imaging provides visualization of the intrates- 
ticular, epididymal, and paratesicular blood flow. Under normal conditions, Color 
Flow images show equivalent vascularity of the bilateral testis. When vascularity is 
not well visualized, Power Doppler increases the sensitivity of detection. Spectral 
Doppler is used to calculate the Resistive Index (RI) of intratesticular arteries. The 
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Fig. 19 Blood supply of tes- 
tis. The testis is supplied by 
three sources of blood supply. 
1. The testicular artery, which 
arises from the aorta. 2. The £ Cremasteric 
deferential artery, which 
arises from the superior vesi- 
cal artery. 3. The cremasteric 
artery, a branch of the inferior 
epigastric artery 


Capsular artery 


RI of intratesticular arteries has been found to correlate with testicular function, 
namely spermatogenesis. 


Sonoelastography 


The ability to access pathology by palpation has long been a key part of the physi- 
cian’s physical examination. Hard lesions are often a sign of pathology. Sonoelas- 
tographraphy (tissue elasticity imaging) is an evolving ultrasound modality which 
adds the ability to evaluate the elasticity of biological tissues. Essentially, it gives a 
representation, using color, of the softness or hardness of the tissue of interest. The 
physics of this modality is given in an earlier chapter. Visually, the elasticity of a 
tissue is represented by color spectrum. Be aware that the color given to hard lesions 
is determined by the manufacturer of the equipment as well as being able to be set 
by the user. Therefore, just as in using color Doppler, the user needs to look at the 
color bar to know what color represents a “hard” and “soft” lesion. 
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Table 2 Ultrasound characteristics of non-neoplastic intratesticular masses 


Intratesticular lesion Ultrasound findings 

Simple testicular cyst Well-circumscribed, anechoic, increased 
through-transmission 

Epidermoid cyst Classic appearance: an onion ring due to 
alternating layers of hypoechogenicity and 
hyperechogenicity 

Tubular ectasia of the rete testis (TERT) Avascular cystic dilations in the rete testis 

Intratesticular varicocele Anechoic, tortuous structure with a venous 
waveform on Doppler color flow study 

Tunica albuginea cyst Cyst at upper or lateral margin of testis; may 
be clinically palpable 

Testicular hematoma Avascular hyperechoic lesion within the tes- 
ticular parenchyma 

Congenital testicular adrenal rests Bilateral hypoechoic or hyperechoic lesions 
with or without posterior acoustic 
shadowing 

Testicular Pathology 


Malignant Lesions of the Testis 


Testicular malignancies account for approximately 1% of all the malignancies in 
men. The predicted 5-year survival rate is approximately 95%, believed to be due 
to early detection as patient appreciation of abnormality in a superficially palpable 
organ and tumor sensitivity to chemotherapy and radiotherapy. The most common 
presentation is of a painless scrotal mass, with pain being reported in only 10% of 
cases [18]. Ultrasonography is the gold standard imaging modality for diagnosis. 
Ultrasound characteristics differ significantly for malignant as compared to benign 
(Table 2) intratesticular masses. 


Germ Cell Tumors 


Germ cell tumors account for 95% of testicular malignancies and can be divided 
into seminomatous and non-seminomatous germ cell tumors. The remaining mi- 
nority of testis tumors are histologically sex cord stromal tumors, lymphomas, or 
metastases. 

The most common germ cell tumor is seminoma, which comprises up to 50% 
of all germ cell tumors. Seminoma occurs in men predominantly between the ages 
of 35 and 45. Bilateral seminomatous germ cell tumors are rare and are reported 
only 2% of the cases [19]. On gross pathology, they are lobulated and pale in color 
and may vary in size from small well-defined lesions to masses that completely 
replace normal testicular parenchyma [19]. The sonographic appearance of semi- 
noma typically is a homogeneous well-defined hypoechoic lesion, with cystic areas 
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Fig. 20 a Testicular germ cell tumor showing heterogenous appearance on gray scale ultrasound. 
b Color Doppler flow showing increased blood flow within the tumor 


Fig. 21 a Non-seminomatous germ cell tumor showing heterogeneous appearance on gray scale 
ultrasound. b Color Doppler flow study demonstrating increased blood flow within the tumor 


found only in 10% of cases [20]. Larger tumors tend to be more heterogeneous and 
may have poorly defined margins, are often diffusely infiltrative and multifocal 
(Fig. 20a, 20b). 

Nonseminomatous germ cell tumors (NSGCT) generally occur in younger men 
between ages 25 and 35. NSGCT are mixed germ cell tumors comprised of embryo- 
nal carcinoma, yolksac tumor, choriocarcinoma and teratoma. They can be locally 
aggressive with invasion of the tunica albuginea or the epididymis or the spermatic 
cord. The ultrasonographic findings reflect the diversity of the components and 
characteristically appear irregular with a heterogeneous parenchyma pattern, repre- 
senting calcification, hemorrhage, or fibrosis and cystic lesions [21, 22] (Fig. 21a, 
21b). 

Pure embryonal cell carcinoma makes up 2-3 % of all germ cell tumors. An em- 
bryonal cell carcinoma is an aggressive tumor with ultrasonographic findings often 
demonstrating irregular and indistinct margins, with a heterogeneous echotexture. 
These tumors are characteristically smaller in size without enlargement of the testis 
[23]. Yolk sac tumor, also known as endodermal sinus tumor or infantile embryonal 
carcinoma, most commonly occurs in children younger than 2 years [23]. The 
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Fig. 22 a The Gray scale appearance of an epidermoid cyst with classic onion ring configuration. 
b Color Doppler flow study shows no blood flow 


sonographic appearance of yolk sac tumors of the testis is inhomogeneous and can 
have areas of hemorrhage, however it is difficult to differentiate from other solid 
tumors of the testes based solely on ultrasonography [24]. Choriocarcinoma carries 
the worst prognosis of all germ cell tumors, with early metastatic spread to the lung, 
liver, gastrointestinal tract, and brain, and is associated with an elevated human 
chorionic gonadotropin level. Ultrasound is characterized by cystic and solid areas, 
corresponding to areas of hemorrhagic necrosis [24]. 

Teratoma is the second most common pediatric testicular tumor, and a mature 
teratoma is often benign in children. A teratoma will demonstrate endodermal, 
mesodermal and ectodermal components in a disorganized arrangement [21]. Echo- 
genic foci in these tumors represent elements of its embryologic composition— 
immature bone, fat, and fibrosis. 

Epidermoid cysts of the testis are rare benign germ cell tumors. Epidermoid cysts 
usually present between 20 and 40 years of age. They are normally unilateral, how- 
ever bilateral occurrence is rarely reported [25]. Epidermoid cysts are variable on 
sonographic appearance attributable to their contents with keratin and variable mat- 
uration. The characteristic “onion ring” sonographic appearance of the epidermoid 
cyst is due to alternating layers of hypo- and hyperechogenicity without internal 
flows [15, 26, 27] (Fig. 22a, 22b). An epidermoid cyst of less than 3 cm in size with 
negative tumor markers can be managed conservatively by enucleation provided 
that frozen sections are obtained to confirm the diagnosis [28]. 


Non-germ Cell Tumors 


Non-germ cell tumors are rare, but most commonly arise from Leydig or Sertoli 
cells. Leydig cells are the principle source of male testosterone. Leydig cell tumors 
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Fig. 23 a Gray scale ultrasound showing bilateral testicular lymphoma. Arrows showing dilated 
vascular markings. b Doppler color flow study showing increased vascularity in both the testes 


represent fewer than 3% of all testis tumors, they are usually benign but have ma- 
lignant potential. Male patients have virilizing or feminizing characteristics due to 
androgen secretion. Ultrasound features are nonspecific, but if Leydig cell tumor is 
suspected, tumor enucleation may be performed. Sertoli cell tumors represent ap- 
proximately 1% of testicular tumors and can occur in children and adults. Sertolic 
cell tumors are usually found in patients younger than 40, do not secrete horomones, 
and can occur bilaterally in 20% of patients [29]. Both Leydig cell and Sertoli cell 
tumors may be amenable to testis-sparing resection, where intra-operative ultraso- 
nography is an essential component of the procedure. 


Testicular Lymphoma 


Primary testicular lymphoma is the most common testicular malignancy in men 
over the age of 60 [30-32]. The most common histological type is large B-cell non- 
Hodgkins lymphoma. The ultrasound demonstrates diffuse enlargement of the testis 
with increased vascularity on Doppler color flow (Fig. 23a, 23b). Orchidectomy had 
been advocated as diagnostic and therapeutic procedure. The treatment recommen- 
dation was recently changed to a combined modality of systemic doxorubicin-based 
chemotherapy, prophylactic intrathecal chemotherapy and orchidectomy or scrotal 
radiotherapy [31]. Lymphoma found in the testis may also be the initial site found 
with widespread disease or the site of recurrence for previously treated lymphoma 
as the testis a sanctuary organ due to the blood-gonad barrier that blocks accumula- 
tion of chemotherapy agents [24]. 


Metastasis 


Ultrasonography cannot differentiate metastatic disease to the testicle from a 
primary testicular lesion. Metastasis to the testis is rare and usually occurs with 
advanced disease. The most common cancers to metastasize to the testis are mela- 
noma, prostate, and lung [33, 34]. 
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Fig. 24 Gray scale ultra- 
sound showing a mixed germ 
cell tumor (arrow) and areas 
of burnt-out tumor (small 
arrows) 


Regressed or Burn-Out Germ Cell Tumor 


Some patients present with widespread metastatic disease, to the retroperitoneum or 
beyond, without identification of a primary tumor. Scrotal ultrasound performed for 
these patients may find an area of calcification in the testis, representing the “burnt- 
out” primary lesion. One theory to explain the genesis of the burned out tumor is 
that the tumor outgrows its blood supply and then subsequently involutes, resulting 
in fibrosis and calcification [35] (Fig. 24). 


Incidentally Discovered Non-palpable Testicular Lesions 


Incidentally found solid testicular masses that are not palpable are usually benign. 
Significant risk factors for the presence of malignancy include size greater than 
1 cm, ipsilateral atrophy, history of cryptorchidism, history of contralateral germ 
cell tumor, and severe oligospermia or azoospermia [36]. Previous work has shown 
that patients at low risk for malignancy can be managed with active ultrasound sur- 
veillance, proceeding with testis sparing excision biopsy or radical orchiectomy if 
the lesion size should increase in size [37, 38]. Patients at high risk for malignancy 
were managed with an ultrasound guided testis sparing excisional biopsy or radical 
orchiectomy [39]. 

With the introduction of sonoelastography, non-palpable lesions can be differen- 
tiated into “hard” or “soft”. Two recent studies have used real-time elastography to 
attempt to separate benign from malignant testicular lesions, as it is postulated that 
malignant lesions have an increased stiffness due to a higher concentration of ves- 
sels and cells compared to surrounding tissues (Fig. 37a—37c). Goddi et al. assessed 
88 testis with 144 lesions and found a 93% positive predictive value, 96% nega- 
tive predictive value, and 96% accuracy in differentiating benign from malignant 
lesions [40]. Similarly, Algner et al. assessed 50 lesions and found a 92% positive 
predictive value, 100% negative predictive value, and 94% accuracy [41]. Real 
time tissue elastography is an exciting new innovation in assessing abnormalities on 
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Fig. 25 Possible algorithm for management of a non-palpable testicular mass 


scrotal examination, and may be used to predict the risk of malignancy in a testicu- 
lar lesion. We believe that this modality may be used to avoid surgical intervention 
on benign lesions based on the finding the lesion to be “soft” on elastography. A 
possible approach to the evaluation of the non-palpable sub-centimeter testicular 
lesion is depicted in Fig. 25. 


Benign Abnormalities of the Testis 


Torsion of the Spermatic Cord or Testicular Torsion 


Ultrasound is often used to assess boys and adolescents with acute scrotal pain 
when the urologist is concerned for testicular torsion. Testicular torsion can be clas- 
sified as extravaginal or intravaginal. The extravaginal form of torsion is found 
exclusively in newborn infants. Intravaginal torsion is more common and is due to 
a bell-and-clapper deformity in which the tunica vaginalis has an abnormally high 
insertion on the spermatic cord and completely encircles the testis, leaving the testis 
free to rotate within the tunica vaginalis. The deformity is bilateral in most cases. 
Intravaginal testicular torsion occurs most frequently in adolescent boys, with two 
thirds of cases occurring between 12 and 18 years of age. Intravaginal torsion may 
occur in testes that are retractile or are not fully descended. Blunt trauma, sudden 
forceful rotation of the body, or sudden exertion also predispose to testicular torsion. 
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a Right testis 


Fig. 26 a Right testicular torsion with normal left testis for comparison. The torsed testis has 
decreased echogenicity on gray scale ultrasonogram compared to the contralateral healthy testis. 
b Color Doppler ultrasound shows absent blood flow in the left testis with testicular torsion and 
normal flow in the healthy right testis 


Ultrasound is very effective in differentiating testicular torsion from other causes 
of acute scrotal pain. The severity of torsion of the testis can range from 180° to 
720°, but complete occlusion of blood flow is thought to occur after 450° of tor- 
sion [11]. Transient or intermittent torsion with spontaneous resolution sometimes 
occurs. Venous congestion or occlusion progresses to arterial occlusion, testicu- 
lar ischemia, and infarction. The collateral blood flow is typically not adequate to 
provide viability to the testicle if the testicular artery is occluded. There is a 90% 
chance of salvaging the testicle when ischemia has been present for less than 6 h, 
which decreases to 50% at 12 h and 10% at 24 h [42]. While irreversible testicular 
damage is presumed after 4 h of torsion, only 50% of men who were detorsed less 
than 4 h after their symptoms began were noted to have normal semen quality [43]. 

On gray scale ultrasound, the affected testis usually appears hypoechoic 
(Fig. 26a) and Doppler color flow study shows decreased or no flow in the affected 
testis (Fig. 26b). Testicular size can vary from increased to decreased when com- 
pared to its counterpart depends up on the duration of the torsion. The sonographer 
should always compare the affected testis with the contralateral side using longi- 
tudinal, transverse, and coronal views. When the sonographer attempts to align the 
transducer parallel to flow, apical views can be particularly informative. In patients 
with acute torsion, the epididymis may appear hypoechoic and enlarged, similar to 
epididymitis. With testicular torsion ultrasound may also demonstrate that the sper- 
matic cord immediately cranial to the testis and epididymis is twisted, which gives 
it a characteristic “torsion knot” or “whirlpool appearance” (Fig. 27a, 27b). 

Acute unilateral scrotal pain may be of a non-emergent etiology, due to epididy- 
mitis or torsion of a testicular or epididymal appendage. Waldert et al. retrospectively 
reviewed the charts of 298 boys who presented with an acute scrotum and underwent 
color Doppler ultrasonography followed by exploratory surgery, regardless of the so- 
nographic findings. Twenty percent were diagnosed with testicular torsion, 56% with 
torsion of an appendage, 8% with epididymitis, and 11% with no definite diagnosis. 
Color Doppler sonography sensitivity, specificity, positive predictive value and nega- 
tive predictive value for testicular torsion were 96.8, 97.9, 92.1 and 99.1% respective- 
ly. The two boys in this study misdiagnosed as epididymo-orchitis were both found to 
have 90° of torsion and no venous drainage but with residual arterial flow [44]. 

Despite the findings that color Doppler sonography has a high sensitivity and 
specificity, it is our feeling that torsion remains a clinical diagnosis proven only at 
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Fig. 27 a, b The spermatic cord immediately cranial to the testis and epididymis is twisted, which 
gives it a characteristic “torsion knot” or “whirlpool appearance” on gray scale ultrasound 


Fig. 28 a Gray scale ultrasound demonstrating orchitis with homogenous enlargement of the tes- 
tis. b Color Doppler study shows increased blood flow to the testicle with prominent capsular 
vessels 


surgery. Ultrasound should only be used to document findings. Many conditions 
including torsion-detorsion, intermittent torsion, persistent capsular flow, and color 
flow artifacts can suggest apparent flow in cases where none exists. Therefore, ul- 
trasound does not diagnose or “rule out” torsion, only surgical exploration is indi- 
cated when the diagnosis of testicular torsion is suspected. 


Primary Orchitis and Testicular Abscess 


The ultrasound findings of patients with orchitis are often an enlarged testis with ho- 
mogenous appearance. Orchitis may be diffuse or focal, with focal orchitis appear- 
ing as multiple hypoechoic lesions with increased testicular blood flow (Fig. 28a, 
28b). Additionally, the RI of the epididymal and testicular artery has been shown to 


4 Scrotal Ultrasound 97 


Fig. 29 Ultrasound findings shows heterogeneous complex septate fluid collection. Color Dop- 
pler ultrasound shows no blood flow in the abscess and increased blood flow in the surrounding 
testicular parenchyma 


be significantly lower in patients with epididymo-orchitis than in control subjects 
[45]. If inflammation progresses, the pressure of intratesticular edema may compro- 
mise blood flow leading to infarction; the ultrasound will demonstrate absence of 
blood flow and surrounding reactive hyperemia [46]. 

A testicular abscess is seen in approximately 5% of patients with orchitits and 
usually appears 1—7 weeks after orchitis, often as a result of ineffective treatment. 
The clinical hallmarks of a testicular abscess include persistent fever, scrotal pain 
and swelling. These findings may resemble a tumor, yet evidence of inflammation 
and absence of Doppler flow will often differentiate an abscess from a tumor [47] 
(Fig. 29). 


Nonpalpable Testis 


When the testis is nonpalpable in the scrotum, a search is initiated to confirm its 
presence or absence. Ultrasound is often the initial diagnostic imaging modality 
because of its sensitivity in the inguinal canal where most undescended testes are 
found. If the absent testis is not identified within the inguinal canal, computerized 
tomography (CT) or magnetic resonance imaging (MRI) is can be used in an at- 
tempt to locate an intra-abdominal testis. Surgical exploration, however, remains 
the “gold standard” for identifying an intra-abdominal testis. A cryptorchid testis in 
the inguinal canal, identified by the presence of the mediastinum testis, is usually 
small in size (hypotrophic). It can be differentiated from an inguinal hernia by the 
absence of peristalsis and highly reflective omental fat. 
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Right testis Left testis 


Fig. 30 Gray scale imaging demonstrating multiple bilateral microcalcifications of the testis. Note 
the lack of acoustic shadowing 


Fig. 31 Color Doppler study showing multiple microcalcifications 


Testicular Microcalcification 


The etiology of testicular microcalcification (TM) is unknown. It has been suggested 
that the calcified concretions within the lumen of seminiferous tubules originates from 
sloughing of degenerated intratubular cells and failure of the Sertoli cells to phagocyte 
the debris [48, 49]. TM has been defined as five or more microcalcifications within the 
testicular parenchyma. TM appears on ultrasound as hyperechogenic lesions measuring 
between | and 3 mm sized multiple foci within the testicular parenchyma. The preva- 
lence of TM varies from 1.5 to 5.6% of asymptomatic healthy men, compared with 
0.8—20% in infertile men [50]. Acoustic shadowing on ultrasound is often absent, likely 
due to the small size of the calcifications [51, 52] (Figs. 30 and 31). They are usually 
bilateral, but occur unilaterally in 20% of the cases. Goede et al. reported 2.4% preva- 
lence of TM in young asymptomatic boys [53]. TM is also described in association with 
various benign conditions including varicocele, cryptorchidism, male pseudo hermaph- 
roditism, Klinefelter’s syndrome, neurofibromatosis, and Down syndrome [54]. 
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Fig. 32 Ultrasound dem- 
onstrating simple testicular 
cysts 


The risk of subsequent development of carcinoma in-situ (CIS) and testicular 
germ cell tumor in patients presenting with TM is less clear [52, 55]. Data from 
several investigators suggest that TM is a benign, nonprogressive condition, at least 
when followed for up to 45months [56, 57]. However, several recent case reports 
have documented the development of testicular tumors in patients with TM when 
follow up was extended for several years [57, 58]. The risk of CIS of testis in men 
with history of undescended testis is approximately 2—4% [59]. Men with TM and 
associated risk factors should be considered for long-term follow up including 
testicular biopsy as indicated. 


Testicular Macrocalcification 


Intratesticular macrocalfications can be secondary to the presence of a germ cell tu- 
mor, a burnt out germ cell tumor, a Sertoli cell tumor, prior trauma, infection (TB), 
infarction or inflammation (sarcoidosis) [60]. 

Extratesticular calcifications can be found with the tunica vaginalis space and 
can result from inflammation of the tunica vaginalis or from a sloughed testicular 
appendage. When these calcifications are freely mobile, they are known as scrotal 
pearls or scrotoliths. 


Cystic Lesions 


Intratesticular Cysts 


Simple Testicular cysts occur in approximately 8—10% of patients [61]. The com- 
mon causes for the testicular cysts include trauma, surgery and inflammation. Cysts 
most commonly are found at the mediastinum testis. Testicular cysts are usually 
simple cysts: on ultrasound they are anechoic, demonstrate an imperceptible wall 
and have through transmission. Testicular cysts normally have a size range from 
2 mm to 2 cm in diameter [47] (Fig. 32). 
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Fig. 33 Tunica albuginea 
cyst is found within the lay- 
ers of the tunica. They appear 
as simple cysts on ultrasound 
(arrow) 


Fig. 34 a Left sided tubular ectasia of the rete testis on gray scale ultrasound (arrow). b Doppler 
color flow study shows normal blood flow to the tubular ectasia of the rete testis 


Cystic teratoma appears on ultrasound as a cystic mass with solid components, 
and should be considered whenever cystic testicular lesions are found. Cystic tera- 
toma occurs in children and adults. In children, they behave as a benign tumor, 
whereas in adults and adolescents they are known to metastasize [62]. 


Cysts of the Tunica Albuginea 


Tunica albuginea cysts arise from within the layers of the tunica albuginea. They are 
benign cysts and are clinically palpable by virtue of their location. These cysts meet 
the criteria for a simple cyst by ultrasound [63, 64] (Fig. 33). 


Tubular Ectasia of Rete Testis 


Tubular ectasia of the rete testis (TERT) is a benign clinical entity in which cystic 
dilation of rete testis results from partial or complete obstruction of the efferent 
ducts [65, 66]. TERT often present an asymptomatic finding in men older than 50 
years with unremarkable physical examination of the testes. On ultrasound, it is 
seen as multiple anechoic, avascular structures within the mediastinum (Fig. 34a, 
34b). TERT is often associated with ipsilateral spermatoceles and usually found 
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Fig. 35 a Gray scale ultrasound shows intratesticular varicoceles, dilated veins within the testicu- 
lar parenchyma. b Color Doppler flow study confirms the venous nature of the intratesticular veins 


bilaterally [26]. It is important to differentiate this benign cystic tumor from ma- 
lignant cystic tumors of the testis and thus avoid unnecessary orchidectomy. Cystic 
malignant tumors, most commonly the cystic teratomas, can be distinguished so- 
nographically by the presence of multiple cystic areas, often surrounded by a soft 
tissue. Tumors are almost always unilateral and are located anywhere in testicular 
parenchyma, not limited to the mediastinum [67]. 


Intratesticular Varicocele 


Intratesticular varicocele has been defined as dilated veins radiating from the medias- 
tinum testis into the testicular parenchyma [68, 69]. It is a clinically occult condition 
that may occur in association with extratesticular varicocele. The sonographic features 
of intratesticular varicoceles are similar to those of extratesticular varicoceles. Color 
flow Doppler sonography demonstrates tubular or serpentine vascular structures more 
than 2 mm in diameter with a positive Valsalva maneuver (Fig. 35a, 35b). Valsalva 
maneuver plays an important role in the diagnosis of intratesticular varicocele be- 
cause in most cases the retrograde flow will not show up spontaneously on color flow 
Doppler sonography [70]. Approximately 40% of intratesticular varicoceles are pres- 
ent bilaterally [71]. Patients with intratesticular varicocele may have testicular pain in 
up to 50% of cases secondary to venous congestion, resulting in stretching of the tu- 
nica albuginea. Bucci et al. reported 2% incidence of intratesticular varicocele in their 
series of 342 patients who were evaluated with color Doppler ultrasound for a fertility 
evaluation [69]. Color flow Doppler sonography helps to differentiate intratesticular 
varicocele from the tubular ectasia of rete testis adjacent to the mediastinum. Spectral 
Doppler yields the definitive diagnosis by confirming venous flow. 


Congenital Testicular Adrenal Rests 
Congenital adrenal hyperplasia (CAH) is an autosomal recessive disease char- 


acterized by deficiency of adrenocortical enzymes. More than 90% of cases of 
congenital adrenal hyperplasia are caused by 21-hydroxylase deficiency [72, 73]. 
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Fig. 36 a Ultrasound of testicular adrenal rests (arrow), located adjacent to the mediastinum 
testis and typically found bilaterally. b Doppler color flow study shows increased vascularity of 
testicular adrenal rests 


Congenital testicular adrenal rests are seen in about 29% of patients with congeni- 
tal adrenal hyperplasia [74]. An increase in adrenocorticotropic hormone (ACTH) 
levels causes hyperplasia of adrenal remnants in the testes in patients with CAH 
and results in the development of intratesticular masses. Sonographically, these 
masses appear as hypoechoic intratesticular masses in both testes and Doppler color 
flow shows increased vascularity located in the region of the mediastinum testis 
[74, 75] (Fig. 36a, 36b). Scrotal ultrasound is the diagnostic modality of choice 
for their diagnosis. Congenital testicular adrenal rests may have the appearance of 
other testicular tumors, however the presence of bilateral lesions in patients with 
CAH should be considered congenital adrenal hyperplasia. The lesions should be 
followed by ultrasound and should regress with steroid replacement therapy [76]. 


Sarcoidosis 


Involvement of the testis and epididymis with sarcoid is rare. Clinically it presents 
as a painless epididymal or testicular mass or as epididymitis. Sonographically the 
lesion is an irregular hypoechoic mass that may be calcified, multifocal and bilat- 
eral [77]. Sonoelastography might also be useful. It demonstrates a “hard” lesion 
with tumor (Fig. 37a) and soft’ lesion with benign lesions such as Leydig and ser- 
toli cell nodules (Fig. 37b) and can give an “intermediate” elasticity measurement 
(Fig. 37c). 


Testicular Trauma 


Testicular trauma accounts for less than 1 % of all trauma related injuries with peak 
occurrence at ages 10-30 [78, 79]. Common causes of trauma are motor vehicle ac- 
cident and athletic injury. Blunt trauma accounts for 85 % of scrotal trauma and pen- 
etrating trauma for 15% of total injuries [80]. Physical examination may be difficult 
in these patients with scrotal trauma due to tenderness and swelling of the scrotal 


4  Scrotal Ultrasound 103 


Fig. 37 a Sonoelastography and gray scale images of a testicular non-seminomatous germ cell 
tumor. Note the “hardness” of the lesion based on color bar. b Sonoelastography, gray scale images 
of a sertoli cell nodule in a patient presenting with infertility. Note the “softness” of the lesion 
based on color bar. c Sonoelastography and gray scale images of a patient with testicular sarcoid- 
osis. Note the “intermediate” elastography pattern of the lesion based on color bar 


contents. The scrotal ultrasound remains the standard imaging study to evaluate 
the testicular and epididymal integrity and assess the vascular status [79]. Findings 
after severe scrotal trauma include hematocele, testicular hematoma, and testicular 
rupture. Buckley and McAninch reported 100% sensitivity and 93.5% specificity 
when comparing ultrasound results of blunt trauma of the testes to the findings at 
surgical exploration [81]. Guichard et al. also reported sensitivity and specificity 
of ultrasound for testis rupture were 100 and 65% respectively when compared to 
surgical findings [82]. When ultrasound cannot be performed, magnetic resonance 
imaging (MRI) is a possible alternative, as MRI had 100% diagnostic accuracy for 
the diagnosis of testicular rupture [83]. 

An intratesticular hematoma after trauma is diagnosed when images show an 
intact tunica albuginea and intratesticular hypoechoic areas with no blood flow on 
Doppler color flow study (Fig. 38). A discrete hypoechoic stripe in the testicular 
parenchyma and interruption of tunica albuginea are evidence of testicular rupture 
[84] (Fig. 39). A hematocele is an accumulation of blood within the tunica vagi- 
nalis. Hematoceles are usually secondary to trauma, yet may also be present after 
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Fig. 38 Intratesticular 
hematoma (arrow) show- 
ing hypoechoic area without 
blood flow on Doppler color 
flow study 


Fig. 39 Doppler color flow 
study showing testicular 
rupture following a blunt 
trauma scrotum. There is no 
increased blood flow noted in 
the testicular rupture 


testicular torsion, presence of a tumor and scrotal surgery. Ultrasonography of a he- 
matocele reveals a complex heterogeneous appearance and may demonstrate mass 
effect with distortion of the testis [85]. 

The current management strategy for testicular rupture advocates early surgical 
intervention with the goal of preventing testicular loss. These recommendations 
are also applied in boys with a large hematocele since up to 80% of significant he- 
matoceles are due to testicular rupture [86]. The importance of early identification 
of testicular rupture is that 80% of testis can be salvaged if surgical exploration is 
performed within 72 h of injury. Additionally, any abnormalities found on scrotal 
ultrasound at the time of trauma must be followed by ultrasound until resolution, as 
10-15% of testicular tumors manifest after trauma [80]. 
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Fig. 40 Gray scale ultra- 
sound showing a left hydro- 


cele (H) 


Extratesticular Findings 


HAydrocele 


Hydrocele is the most common cause of painless scrotal swelling. A hydrocele is a 
serous fluid collection between the parietal and visceral layers of the tunica vagina- 
lis. The tunica vaginalis is a mesothelium-lined sac that results from closure of the 
superior portion of the processus vaginalis. This fascial structure normally covers 
the entire testis except the posterior border. It has a visceral layer and an outer pari- 
etal layer that lines the internal spermatic fascia of the scrotal wall. Hydroceles can 
be congenital or acquired. The congenital hydrocele or communicating hydrocele 
occurs when a patent processus vaginalis allows fluid to pass from the peritoneal 
space into the scrotum [87]. The acquired hydrocele may be idiopathic with no iden- 
tifiable cause. The incidence of hydroceles is about 1 % of adult males. Hydroceles 
are usually anechoic on ultrasonography (Fig. 40). They may contain echogenic 
cholesterol crystals. The presence of septations is often associated with infection, 
trauma, or metastatic disease. Hydrocele may develop secondary to venous or lym- 
phatic obstruction caused by infection, trauma, torsion, or tumor. About 10% of 
testicular tumors are accompanied by a hydrocele; clinical suspicion increases with 
new onset of hydrocele in men in their 30s or 40s [88]. Scrotal ultrasound is essen- 
tial to rule out testicular pathology in these patients. The testis is often posteriorly 
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Fig. 41 A pyocele is seen as a complex heterogeneous fluid collection within the tunica vaginalis 
on gray scale ultrasound and without blood flow on Doppler study 


displaced by the hydrocele. A massive hydrocele exerts a pressure effect that may 
compromise blood flow within the testis. Vascular resistance in intratesticular arter- 
ies is increased, and color Doppler ultrasound may demonstrate an increase in the 
caliber of capsular arteries. Fluid aspiration and surgical excision of hydrocele sac 
has been shown to restore normal blood flow to the testis [89]. 


Pyocele 


Pyocele is an accumulation of purulent material within the tunica vaginalis and 
is most often occurring because of untreated epididymo-orchitis. Pyoceles present 
with acute scrotal pain and symptoms of sepsis. A pyocele also appears heteroge- 
neous on the ultrasonogram, and gas may be identified, causing hyperechoic reflec- 
tions and shadowing [85] (Fig. 41). 


Scrotal Hernia 


Congenital inguinal hernia is due to failure of the processus vaginalis to obliterate 
and result in passage of intestinal loops or omentum or peritoneal fluid in the scrotal 
sac [11, 90, 91]. Right inguinal hernias are more common as the right processus 
vaginalis closes later. Scrotal ultrasound can be helpful for inconclusive physical 
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Fig. 42 a Gray scale ultrasound showing the highly echogenic omental fat of an omental hernia. b 
Color Doppler study showing no increased blood flow to the inguinal hernia 


Fig. 43 Gray scale ultrasound showing thickened hernia sac (W) in chronic inguinal hernia 
(arrows) 


examination. Clinically occult contralateral hernia can also be assessed with the ul- 
trasound [92]. Patients with a scrotal hernia usually present with mesenteric fat and/ 
or bowel loops seen superior to the testis. Real time imaging can identify peristaltic 
activity or intestinal gas bubbles with their characteristic echogenic interfaces. Ul- 
trasound of an omental hernia will demonstrate highly echogenic fat [92] (Figs. 42a, 
42b and 43). 


Sperm Granuloma 


Sperm are highly antigenic, and an intense inflammatory reaction occurs when they 
exit the vas deference [93]. A sperm granulomas occur in at least 40% of men 
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Fig. 44 Gray scale ultra- 
sound showing a sperm 
granuloma 


following a vasectomy [94] (Fig. 44). Sperm granulomas are rarely symptomatic. 
However, 2-3 % of vasectomy patients will have pain attributed to sperm granulo- 
mas, usually occurring 2—3 weeks postoperatively [95]. 


Tumors of the Spermatic Cord 


Lipomas of the spermatic cord are very common benign lesions of the spermatic 
card. They can be unilateral or bilateral, and often present as asymptomatic fullness 
of the spermatic cord. Ultrasound of a lipoma demonstrates homogeneous echo- 
genicity similar to subcutaneous fat without internal color flow. The echogenicity 
of lipomas may be variable, and MRI may be helpful to confirm diagnosis, showing 
nonenhancing, fat saturated areas [29]. It is also important to differentiate a lipoma 
from an inguinal hernia by noting the intact external inguinal ring on physical ex- 
amination and assessing for the presence of a hernia on ultrasound. 

Rhabdomyosarcomas of the spermatic cord is a malignant lesion in children, and 
liposarcoma is the most common malignant tumor arising in the spermatic cord in 
adults, although both are rare. Leiomyosarcomas in the paratesticular space also 
have been reported. The ultrasound appearance of these lesions is an ill-defined 
solid mass with heterogeneous echotexture and increased vascular flow on Doppler 
color study (Fig. 45). 


Epididymal Findings 
Epididymo-orchitis 


Epididymitis is the most common cause of subacute unilateral scrotal pain in preado- 
lescent and adolescent boys and adult men. On physical examination the epididymis 
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Fig. 45 Leiomyosarcoma of the scrotum: a Gray scale ultrasound appearance as an ill-defined 
solid mass with heterogeneous echotexture in the paratesticular space (M: mass. T: Testis). b Dop- 
pler color flow shows increased vascularity with in the mass 


can often be identified as an enlarged and tender structure posterolateral to the tes- 
tis. The pain is often relieved with elevation of the testis over the symphysis pubis, 
known as Prehn’s sign. Among sexually active men younger than 35 years old, 
epididymitis often results from sexually transmitted infections, particularly Chla- 
mydia trachomatis and Neisseria gonorrhea. In older men, bacterial epididymitis 
can result from retrograde transit of bacteria from the vasa, and therefore the most 
common organisms are urinary pathogens: Escherichia coli and Proteus mirabilis. 
Rare infectious causes include brucellosis, tuberculosis, cryptococcus, syphilis and 
mumps. Epididymitis in prepubertal boys normally has a benign course, and these 
boys commonly are found to have positive titers for enteroviruses and adenoviruses 
and Mycoplasma pneumonia (M. pneumonia). Rare noninfectous causes include 
sarcoidosis and amiodarone. Blunt trauma as well as congestion following vasec- 
tomy are potential cause of epididymal inflammation [96, 97]. 

In patients with acute epididymitis, the epididymis is enlarged with increased 
vascularity. Epididymitis may lead to focally or global enlargement and thicken- 
ing of the epididymis. Gray scale ultrasound demonstrates a hypoechoic or hetero- 
geneous enlarged epididymis (Fig. 46). The color flow Doppler shows increased 
vascularity with high-flow, low-resistance pattern (Fig. 47). A reactive hydrocele is 
often present. Complications of epididymitis include infectious spread to the testis 
resulting in epididymo-orchitis, testicular abscess formation, and testicular infarc- 
tion due to obstruction of venous flow which may result in testicular atrophy. Pa- 
tients with chronic epididymitis often present with persistent pain. In these men, 
ultrasound examination reveals an enlarged epididymis with increased echogenicity 
and possible areas of calcifications (Fig. 48). 
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Fig. 46 Epididymo-orchitis: 
Gray scale image demon- 
strates enlarged and heteroge- 
neous epididymis and testis 


Epididymus 


==- 


Fig. 47 Epididymo-orchitis: 
Power Doppler ultrasound 
showing increased vascular- 
ity of the epididymis and the 
testis 


Fig. 48 Chronic epididy- 
mitis: Gray scale ultrasound 
showing increase of echo- 
genicity and micro calci- 
fications seen in the caput 
epididymis (arrows) 
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Fig. 49 Gray scale ultra- 
sound showing multiple 
anechoic epididymal cysts 


Torsion of the Appendix Epididymis and Testis 


Torsion of the appendix testis is important to differentiate from torsion of the sper- 
matic cord (testicular torsion), as this condition is self-limiting and does not threat- 
en testicular viability. Clinically, the cremasteric reflex is preserved and a palpable 
nodule with bluish discoloration (blue dot) is often detected. Ultrasound shows a 
hyperechoic mass with central hypoechoic area adjacent to the testis or epididymis. 
Other associated findings include scrotal wall edema and epididymal enlargement. 
Blood flow in the peritesticular structures may be increased. Doppler ultrasound is 
helpful as blood flow within the testis is normal in torsion of the appendix testis. 


Benign Epididymal Lesions 


An epididymal cyst is a nonpainful cystic structure that, when large, displaces the 
testis inferiorly. Cysts of the epididymis occur in up to 40 % of the men and contain 
lymphatic fluid. They are typically thin walled and well defined, usually with strong 
posterior acoustic enhancement and no internal echoes. These men will often have 
multiple cysts occurring present throughout the length of the epididymis. 

Spermatoceles are benign cystic lesions, which contain spermatozoa, lympho- 
cytes, and debris. Spermatoceles form as a result of efferent duct obstruction and 
usually located in the head of the epididymis. Ultrasonography cannot differentiate 
between epididymal cysts and spermatocele, but the spermatocele often has septa- 
tions (Fig. 49). 

Adenomatoid tumors are the most common tumors of the paratesticular tissues, 
accounting 30% of these lesions and up to 77% of the benign tumors arising from 
the epididymis. They are most commonly identified in men in their 20s to 40s. It has 
been suggested that they derive from vascular endothelium, the mesonephros, or 
miillerian epithelium, although most recent reports consider them to be mesothelial 
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Fig. 50 Adenomatoid tumor 

seen on gray scale imaging as 
an as isoechoic paratesticular 
mass 


in origin [98]. They are round, firm, smooth, discrete masses measuring 0.5-5 cm 
in diameter that are usually asymptomatic and slow growing. Ultrasonography can 
confirm the extratesticular nature of these masses. Ultrasound of adenomatoid tu- 
mors reveals an isoechoic mass with increased vascularity (Fig. 50). 

Papillary cystadenoma is a rare benign tumor of epithelial origin believed to 
arise from the efferent ductules of the head of the epididymis [99]. Papillary cyst- 
adenoma presents clinically as a firm, non-tender palpable mass in the epididymis. 
Two thirds of papillary cystadenomas occur in patients with von Hippel-Lindau 
(VHL) syndrome and are frequently bilateral [100]. Unilateral presentation is seen 
very rarely in sporadic cases. Sonographically, small papillary cystadenoma are 
usually solid and echogenic, but when large may appear vascular and cystic [100]. 

Leiomyomas are benign epididymal solid tumors. These lesions are most com- 
monly seen in men over the age of 50. The ultrasound appearance is a well-defined 
solid mass with heterogeneous echotexture located in paratesticular space separate 
from the epididymis [101]. 


Malignant Epididymal Lesions 


Malignant tumors arising from the epididymis are very rare, with the exact inci- 
dence of malignant tumors of the epididymis uncertain because of the small num- 
ber of reported cases. Sarcoma of the epididymis comprises of more than half of 
the reported malignant neoplasms of the epididymis [102]. Fibrosarcoma of the 
epididymis has been reported in isolated case reports. Dowling et al. reported fibro- 
sarcoma in a 60-year-old male confined to the epididymis on final pathology [103]. 
Leiomyosarcoma of the epididymis on ultrasound appears as a large hypoechoic 
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Fig. 51 Leiomyosarcoma of 
the epididymis. Gray scale 
ultrasound showing large 
hypoechoic mass in the epi- 
didymis with normal testis 


mass (Fig. 51). Clear Cell carcinoma of the Epididymis is very rare and has been 
reported in individual case reports [104]. Ultrasound findings may include large 
cysts, necrosis, and invasive margins. 


Scrotal Wall Lesions 


Scrotal Infectious Findings 


Patients who are diabetic or immunocompromised are more susceptible to infec- 
tion and scrotal wall cellulitis or abscess. Ultrasonography demonstrates thicken- 
ing of the subcutaneous tissue and heterogeneity with increased blood flow on 
color Doppler study. The scrotal wall abscess appears on ultrasound as a well- 
defined hypoechoic lesion within the scrotal wall and no Doppler flow within the 
lesion [4]. 

Fournier 8 gangrene is a polymicrobial rapidly progressing necrotizing fasciitis 
commonly involves perineum and genital regions. Fournier’s gangrene is a urologic 
emergency with mortality up to 50 % [105, 106]. Computer tomography remains the 
imaging modality of choice [107]. However, ultrasonography can provide valuable 
clues at the time of initial presentation. Ultrasonography shows marked thicken- 
ing of the scrotal skin with multiple hyper echogenic foci associated with shadow- 
ing, which are consistent with the presence of subcutaneous gas, pathognomonic of 
Fournier’s gangrene [108]. 
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Fig. 52 Gray scale ultra- 
sound showing diffuse scrotal 
wall thickening in a patient 
with scrotal wall edema 


Benign Scrotal Lesions 


Epidermoid Cysts of the Scrotal Wall 


Epidermoid cysts or epidermal inclusion cysts are the most common cutaneous cysts 
of the scrotal wall. Epidermoid cysts result from the proliferation of epidermal cells 
within a circumscribed space of the dermis at the infundibulum of a the hair follicle 
[109]. Epidermoid cysts may become infected and form scrotal wall abscess. 

Henoch-Schonlein purpura (HSP) is a systemic vasculitis of unknown origin. It 
is characterized by a palpable skin rash, abdominal pain, and polyarthralgia. HSP 
has been reported to have scrotal wall swelling and ecchymosis in up to 38% of 
cases [110]. 

Scrotal fibrous pseudotumors are uncommon and are thought to be reactive, be- 
nign lesions. The sonographic appearance of the fibrous pseudotumor of the scro- 
tum is variable depending on the contributing fibrous tissue components, presence 
or absence of calcification and the scrotal structure involved [111]. Pseudotumor 
of the scrotum is a benign condition and local excision of the mass is the treatment 
of choice, however, preoperative diagnosis is seldom made due to the nonspecific 
clinical and sonographic findings [112]. 

Acute idiopathic scrotal edema (AISE) is a self-limited disease of unknown 
origin. It presents with unilateral or bilateral scrotal swelling without pain and is 
associated with unilateral or bilateral inguinal lymphadenopathy. It is thought to 
be a variant of angioneurotic edema, often associated with eosinophilia. Physical 
examination findings include scrotal skin swelling and erythema that extends to 
the inguinal and perianal area. AISE is a diagnosis of exclusion. The characteristic 
ultrasound findings for AISE, include edema of the scrotal wall with hypervascular- 
ity and compressibility with enlargement of the inguinal lymph nodes, and normal 
testis and epididymis (Fig. 52) [113, 114]. 


4 Scrotal Ultrasound 115 


The other noninflammatory causes of scrotal wall edema include congestive 
heart failure, renal failure, anasarca, hepatic failure, cirrhosis, nephrotic syndrome 
and poor nutritional status. The scrotal wall appears thickened in chronic venous 
or lymphatic obstruction secondary to filariasis, radiation and trauma, or surgery. 
Ultrasound demonstrates scrotal wall thickness with layers of alternating hypo- and 
hyperechogenicity [115, 116]. 


Malignant Scrotal Lesions 


Squamous cell carcinoma (SCC) of the scrotum is an uncommon neoplasm. SCC is 
associated with occupational exposure to chemical or oil industries, radiation, chim- 
ney sweepers, human papilloma virus, chronic scar, and immune-related conditions 
such as psoriasis [117]. The literature concerning scrotal SCC is limited. Ultrasound 
evaluation of these lesions is not well defined. 


Male Infertility 


In men with impaired fertility, ultrasound can provide diagnostic information and 
provide documentation prior to and after intervention. Ultrasound, being a nonin- 
vasive, real-time imaging modality, is often used in the comprehensive evaluation 
of men with impaired semen quality to document the presence or absence of pa- 
thology, especially when the physical examination is inconclusive or suggestive of 
intrascrotal pathology. 


Varicocele 


A varicocele is a dilatation of the testicular vein and the pampiniform venous plexus 
within the spermatic cord. With bilateral varicoceles, the larger varicocele is often 
on the left side, most likely related to the angle of insertion in to the left renal 
vein and the length of the left testicular vein [118, 119]. The left testicular vein is 
8-10 cm longer than the right, with a proportional increase in pressure. Varicoceles 
have been found to be a bilateral condition in more than 80% of cases in some series 
[119, 120]. Congenitally absent or incompetent venous valves have been thought to 
be the primary cause of varicocele [121-124]. 

The most common presentation of a varicocele is due to an investigation of male 
subfertility and infrequently due to scrotal pain. A varicocele is present in about 
15% of normally fertile men, yet present in 30 to 40% of men with primary sub- 
fertility, and in as many as 80% of men with secondary subfertility [125, 126]. 
Clinically detectable varicocele has been associated with testicular hypotrophy 
or atrophy, an abnormal gonadotropin axis, histologic changes in testis, abnormal 
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Fig. 53 Bilateral varicocele. a Doppler color flow study dilated veins on the superior aspect of the 
testis. b Doppler color flow study showing bilateral varicoceles 


spermatogenesis, and infertility [127]. Clinically significant varicoceles are as- 
sociated with subfertility and impairments in semen quality [125]. After surgical 
varicocele ligation, semen analysis normally improves in approximately 70% of 
the patients, with an increase in motility being the most common, but also improve- 
ments in sperm concentration, morphology percentage, and total motile sperm con- 
centration [128—130]. 

Ultrasound characteristics of varicoceles include finding of multiple, low-reflec- 
tive serpiginous tubular structures most commonly superior and posteriolateral to 
the testis. Veins larger than 2 mm in diameter are considered to be abnormal [24, 
131]. Color flow Doppler is important in documenting the presence and size of a 
varicocele and should show reversal of flow during the Valsalva maneuver [29]. 
Color flow will also differentiate an intratesticular varicocele from a dilated rete 
testis (Fig. 53). 

Importantly, a varicocele may also be a sign of pathology in the retroperitoneum 
causing compression of the gonadal veins leading to varicocele. Imaging of the 
retroperitoneum is therefore necessary in men with large varicoceles that do not de- 
crease in the supine position. Patients who have sudden onset of a varicocele, whose 
varicocele persists in the supine position, or have an isolated right varicocele should 
be further evaluated with imaging of the retroperitoneum to assess for a renal vein 
thrombus, renal or retroperitoneal mass [29]. 


Azoospermia and Oligiospermia 


In men with azoospermia, ultrasound as an initial modality of imaging study, can 
often define the underlying etiology to determine whether there is an obstructive or 
non-obstructive cause of azoospermia [132]. The ultrasound, as well as physical ex- 
amiantion, is useful in patients with congenital bilateral absence of the vas deferens 
(CBAVD) to assess for presence of the vas deferens as well as other mesonephric 
developmental structures, and associated conditions such as congenital renal agen- 
esis [133, 134]. 
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Fig. 54 Spectral color Dop- 
pler of intratesticular vessels 
with an elevated RI in a 
patient presenting with oli- 
gioasthenoteratozoospermia 


PSV 5.30 cm/s 
EDV 1.94 cm/s 
RI 0.63 


ollie iRiver! ern WW 


Ultrasound will also reveal testicular atrophy. Atrophy may be related to age, 
trauma, torsion, infection, or inflammation, or may occur secondary to hypothy- 
roidism, drug therapy, or chronic disease. The appearance on ultrasound is variable, 
and while related to the underlying cause, is usually characterized by decreased 
echogenicity with a normal appearing epididymis. 


Newer Ultrasound Technology to Assess Fertility 


Recent literature supports the use of spectral Doppler ultrasound in providing infor- 
mation about intratesticular blood flow and function [45, 130, 135, 136] (Fig. 54). 
Biagiotti et al. provided data suggesting that RI and PSV (Peak Systolic Velocity) of 
intratesticular vessels were better predictors of dyspermia than FSH and testicular 
volume [137]. Pinggera et al. [135] examined semen quality and the RI of intrates- 
ticular arteries in 160 men. In their study, the 80 men with a normal semen analysis 
had a RI of 0.54+0.05 and the 80 men with impaired semen analysis had a statisti- 
cally higher RI of 0.68+0.06. This study concluded that an RI above the threshold 
of 0.60 was indicative of abnormal semen quality. This has also been confirmed by 
our group for subfertile men [138]. 

Additionally, sonoelastography has been studied in the infertile male (Fig. 55). 
Schurlich et al. reported that elastography could be used for structural analysis of 
the testicular tissue [139]. In another study, Li et al. used a five-point scoring sys- 
tem to describe the elastogragraphic findings in azoospermic men. Patients with 
obstructive azospermia (OA) and healthy controls with a normal semen analysis 
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Fig. 55 Real time elastography (RTE) images demonstrates elasiticity in men with a normal 
semen analysis (a) and one in which the patient was azoospermic (b) 


predominately had a high-strain score of 83 % and 85%, respectively. Conversely, 
82% of men with non-obstructive azoospermia (NOA) had a score of 3 or higher, 
and therefore may assist in the diagnosis NOA [140]. The initial data with elastogra- 
phy is intriguing and in the future this new modality may yield additional informa- 
tion on testicular function. 


Intraoperative Testicular Ultrasound 


Ultrasonography may be used to enhance the localization of intratesticular abnormi- 
lies at the time of surgery. Incidental non-palpable lesions may be found in men 
undergoing an ultrasound of the scrotum for other indications. An incidence of 6% 
of men who presented with male factor infertility were found to have an intrates- 
ticular mass on ultrasound evaluation [141]. Our proposed algorithm for evaluation 
of small testicular lesions is described earlier in the chapter (Fig. 25) and makes use 
of sonoelastograpy in the decision process. Testis sparing surgery removes suspi- 
cious lesions while maintaining testicular tissue for spermatogenesis and androgen 
production. Testes preservation is especially indicated in men with solitary testis, 
bilateral testes lesions, or with small incidental lesions. 

Many of the lesions that are removed with the testis sparing approach are non- 
palpable and were diagnosed solely on ultrasound findings. In order to identify 
these lesion in the operating room, ultrasound is again used effectively isolate the 
lesion for testis-sparing surgery. Hopps and Golstein described using intraoperative 
ultrasound prior to opening the tunica albuginea for needle localization of the mass 
removal of incidental testicular lesions found in infertile men [141]. De Stefani 
et al. describe use of intraoperative ultrasound in 20 cases of testis-sparing excision 
of lesion less than 2 cm in size. They found only two of the lesions to be malignant 
and all patients were disease-free without hypogonadism at mean follow up of 1 
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year [142]. Use of ultrasound at the time of testis-sparing surgery is extremely help- 
ful tool to localize small lesions for testis sparing surgery. 


Conclusions 


Ultrasonography is the gold-standard evaluation for abnormalities of the scrotum. 
The use of ultrasound enhances findings found on physical examination and can 
determine the diagnosis in many pathologic conditions of the scrotum. New techno- 
logic advances allow for improved visualization and novel diagnostic techniques, 
such as elastography. Overall, the ability to interpret ultrasonographic findings is a 
key component for any physician caring for patients with pathology of the scrotum, 
testis, epididymis or infertility. 
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Chapter 5 
Penile Ultrasound 


Soroush Rais-Bahrami and Bruce R. Gilbert 


Introduction 


Penile ultrasound is commonly used in the diagnostic workup of a patient with 
erectile dysfunction (ED), but also plays an important role by providing an 
anatomic and functional vascular assessment in a multitude of other condi- 
tions including Peyronie’s disease, high-flow priapism, penile fracture, penile 
urethral strictures, urethral stones, or diverticulae, or masses involving deep 
tissues of the penis. As a component of the evaluation for ED, penile Dop- 
pler ultrasound (PDU) is performed to assess the quality of arterial blood flow 
and sufficiency of veno-occlusive mechanisms, both necessary for an adequate 
erection. More recently, this imaging modality is playing a central role in the 
early detection and diagnosis of otherwise silent coronary artery disease (CAD) 
in men presented with ED as their initial symptom. PDU is also an essential 
component of the assessment of external genitalia in trauma situations where 
high-flow priapism or penile fracture is suspected. Penile ultrasound provides 
a readily available, minimally-invasive diagnostic modality that evaluates both 
the structural anatomy and functional hemodynamics at a reasonable cost. 
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Ultrasound Settings 


Penile ultrasound is best performed with a high-frequency linear array transducer 
with an ultrasound frequency of 7.5—18 MHz which allows for high resolution im- 
ages of the penis and internal vascular structures. Color and spectral Doppler are 
essential elements of penile ultrasonography in addition to B-mode ultrasound. 3-D 
ultrasound is a technique that has the potential for better defining anatomic and 
vascular changes occurring with disease processes of the penis. Innovative new 
technologies including sonoelastography have the potential for changing the way 
we diagnose diseases of the phallus and follow their resolution. 

When available, split screen visualization allows for comparison of laterality 
very similar to scrotal ultrasound discussed earlier. This is very important in penile 
ultrasound, but more specifically in PDU whereby the differences among vascular 
diameter, velocity of blood flow, and measurement of resistive index can be el- 
egantly displayed in a single view for comparison of the right and left sides. 


Scanning Technique 


Scanning technique, as with any ultrasound examination, is operator dependent and 
hence may vary greatly. Nevertheless, it is essential for each practitioner to estab- 
lish a routine protocol to which they fastidiously adhere. This allows for data to 
be comparable across serial examinations of the same patient and between studies 
performed on different patients with similar pathologies. Also, a routine protocol al- 
lows practitioners to provide anticipatory guidance to patients prior to beginning the 
study. A technique for patient preparation, routine survey scanning, and indication- 
specific scanning protocols for penile ultrasound is presented. 


Importance of the Angle of Insonation 


The Doppler shift (FD) is a change in frequency between the transmitted sound 
wave F, and received sound wave F, resulting from the interaction between the fre- 
quency of the sound waves transmitted by the transducer (F,,), the velocity of blood 
(Vpp)} the cosine of the angle of incidence (0) between the vector of the transmitted 
sound wave from the transducer and the vector of blood flow as well as the speed of 
sound in tissue (c) as given by the equation: 


FD = R, — F, = (2*E,*V,,*cos8)/c 
This concept of a Doppler shift is used to measure blood flow velocity whereby 


the shift in sound-wave frequency is detected by the ultrasound transducer after 
encountering active blood flow. 
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Fig. 1 Doppler angle: The 6=90° 
change in Doppler frequency COS 6 = 0.0 
(AF) is directly related to 

the cosine of the angle of 
insonance (0). The angle of 
insonance (the angle between 
the incident beam and the 
vector of blood flow) must 
be less than 60° for accurate 
measurements of blood flow 
velocity 


However, several factors influence the resultant frequency shift and hence the 
measured velocity. These include the incident frequency of the ultrasound beam 
used, speed of sound in soft tissues, the velocity of the moving reflectors (i.e., blood 
in a vessel), and the angle between the incident beam and vector of blood flow (0) 
called the angle of insonation. 

The angle of insonation is inversely related to Doppler shift. Hence, as the angle 
of insonation increases, approaching 90°, the Doppler shift decreases, and therefore, 
the calculated blood flow velocity decreases to 0. The Doppler angle is therefore a 
significant technical consideration in performing duplex Doppler examinations, and 
an ideal angle of insonance between 0 and 60° is required (Fig. 1). 

Clinical Pearl: Even if the angle of insonance is not corrected, the RI will be ac- 
curate. However, PSV and EDV will be inaccurate. 


Patient Preparation 


The patient should lie comfortably on the examination table in a supine position 
with legs together providing support for the external genitalia. An alternative posi- 
tion is dorsal lithotomy with the penis lying on the anterior abdominal wall. Regard- 
less of the patient position preferred, the area of interest should remain undraped for 
the duration of the examination. Care should be taken to cover the remainder of the 
patient as completely as possible including the abdomen, torso, and lower extremi- 
ties. Ample amounts of ultrasonographic acoustic gel should be used between the 
transducer probe and the surface of the penis to allow uninterrupted transmission 
of sound waves, thus producing a high quality image without acoustic interruption. 


Penile Ultrasound Protocol 


As with other ultrasound exams, penile ultrasound uses specific scanning techniques 
and images targeting the clinical indication prompting the study. Irrespective of the 
indication for penile ultrasound, routine scanning during penile ultrasound should 
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Fig. 2 A transverse view of the phallus with the transducer placed either on the dorsal or ventral 
surface. Note the compression of the urethra and corporal spongiosum compression in the ventral 
projection with minimal pressure applied to the phallus. (Campbell’s Urology, Fig. 3-40) 


include both transverse and longitudinal views of the penis by placing the transduc- 
er probe on the dorsal or ventral aspect of the penis. The technique presented here, 
uses a dorsal approach, which is easier for the flaccid phallus. However, the ventral 
approach, often with placement of legs in the lithotomy position, is often better with 
a fully erect phallus as well as being able to visualize the proximal corpora caver- 
nosa. The goal is to visualize the cross-sectional view of the two corpora cavernosa 
dorsally and the corpus spongiosum ventrally along the length of the penis from the 
base of the penile shaft to the glans penis (Fig. 2). 

The corpora cavernosa appear dorsally, as two homogeneously hypoechoic circu- 
lar structures, each surrounded by a thin (usually less than 2 mm) hyperechoic layer 
representing the tunica albuginea that envelops the corpora. The corpus spongio- 
sum is a ventrally located circular structure with homogeneous echotexture, usually 
more echogenic than the corpora cavernosa [1]. It is best visualized by placing the 
ultrasound transducer probe on the ventral aspect of the penis, however, the urethra 
is easily compressible so minimal pressure should be maintained while scanning. 
For routine anatomic scanning of the flaccid penis with ultrasound, all three corpora 
can be sufficiently viewed from a single dorsal approach to the penile shaft. A sur- 
vey scan is first performed prior to obtaining static images at the proximal (base), 
mid-portion, and distal (tip) of the corpora cavernosal bodies for documentation 
(Figs. 3—5). The value of the survey scan cannot be over stated. It often provides 
the prospective that is necessary to assure absence of coexisting pathology. A care- 
ful survey scan of the phallus will identify abnormalities of the cavernosal vessels, 
calcified plaques and abnormalities of the spongiosa tissue. 

Still images recommended as representative views of this initial survey scan of 
the flaccid phallus include one transverse view at the base of the penile shaft, one at 
the mid-shaft, and a third at the distal shaft just proximal to the corona of the glans 
penis (Fig. 3a). Each image should show transverse sections of all three corporal 
bodies. As noted in the labeled images, orientation by convention is for the right 
corporal body to be on the left side of the display (as viewed by the sonographer) 
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Fig. 3 a Flaccid phallus survey scan with transverse views through the base (/eft panel) and mid- 
shaft (right panel) of the penis. In this image, the transducer is on the dorsal penile surface and 
demonstrates the right and left corpora cavernosa nearer the ultrasound probe and corpus spongio- 
sum in the midline ventrally, furthest from the ultrasound probe. b Pharmacologically stimulated 
phallus survey scan with transverse views through the base (left panel) and distal shaft (right 
panel) regions of the penis. Similarly, in this image, the transducer is on the dorsal penile surface 
and demonstrates the right and left corpora cavernosa dorsally (closest to the ultrasound probe) and 
urethra ventrally (away from the ultrasound probe) 


Fig. 4 Normal mid-shaft 
view with the ultrasound 
transducer on the ventral 
surface of the phallus depict- 
ing the right and left corpora 
cavernosa (CC) and corpus 
spongiosum (CS) 


MID SHAFT 


while the left corporal body is located on the right side of the display on images 
obtained with the ultrasound probe on the dorsal aspect of the phallus. Although 
performed as an initial survey scan in the flaccid phallus, this can also be after phar- 
macostimulation for comparison (Fig. 3b). Figure 4 demonstrates a normal mid- 
shaft view with the transducer on the ventral aspect of the phallus. A longitudinal 
projection splitting the screen view helps to compare the right and left corporal bod- 
ies. Figure 5 demonstrates a dorsal approach with measurements of the cavernosal 
artery diameter. By convention, the orientation is constant, with the projection of 
the right corporal body on the left side of the display while the left corporal body is 
located on the right side of the display. 
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Dist 1 0.50 mm Dist 2 0.37 mm 


Fig. 5 a Color Doppler and spectral ultrasound findings in a high-flow priapism demonstrating 
high peak systolic and high-end diastolic velocity in the cavernosal artery feeding the arteriove- 
nous fistula (AVF). b Color Doppler and spectral ultrasound findings in a low-flow priapism dem- 
onstrating a negative end diastolic diastolic velocity (i.e., reversal of flow) and a resistive index of 
1.19. Subjective tumescence was 100% with rigidity of 95 % 


Focused Penile Ultrasound by Indication 


There are several accepted indications for penile ultrasound, each with specialized 
focus beyond the routine survey scan as previously described. General guidelines 
for the use of penile ultrasound are delineated by the “Consensus Statement of Uro- 
logic Ultrasound Utilization” put forth by the American Urologic Association [2] 
and the American Institute for Ultrasound in Medicine (AIUM). These indications 
can be further classified as either vascular, structural, or urethral pathology in nature 
(Table 1). 


Erectile Dysfunction 


PDU has been a vital part of the assessment of patients with ED. Some practitio- 
ners immediately turn to intracavernosal injection therapy with vasoactive agents 
in patients who have failed a course of oral phosphodiesterase-5 inhibitors. How- 
ever, PDU may be used as a diagnostic tool in conjunction with commencement of 
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Table 1 Indications for penile 


Vascular Pathology 
and urethral ultrasound 


Erectile Dysfunction (ED) 
Cavernosal Artery Diameter 
Flow velocity 
Peak systolic velocity (PSV) 
End diastolic velocity (EDV) 
Resistive Index (RI) 
Priapism 
High-flow (arterial) 
Low-flow (ischemic) 
Penile Trauma/Fracture 
Dorsal Vein Thrombosis 
Structural Pathology 
Penile Fibrosis/Peyronie s Disease 
Plaque assessment (number, location, echogenicity and size) 
Perfusion abnormalities 
Perfusion surrounding plaques 
Penile Mass 
Primary penile tumors 
Metastatic lesions to the penis 
Penile Foreign Body (size, location, echogenicity) 
Penile Urethral Disease 
Urethral stricture (location, size) 
Perfusion surrounding plaques 
Calculus/Foreign Body 
Urethral diverticulum/cyst/abscess 


injection therapy. PDU allows for a baseline evaluation of the functional anatomy 
as well as providing a real-time assessment of the dynamic changes experienced in 
response to the dosing of vasoactive medications. In cases where intracavernosal 
injection of vasoactive substances does not prompt a penile erection, documentation 
provided by PDU will be a foundation for other management options including use 
of vacuum constriction devices or insertion of a penile prosthesis. 

Possibly one of the most compelling reasons for the performance PDU in men 
presenting with ED is the finding that impaired penile vascular dynamics, as docu- 
mented on PDU, may be associated with a generalized vessel disease that often 
predates cardiovascular disease by 5—10 years [3-5]. Significantly, early treatment 
of metabolic factors (e.g., hypertension, dyslipidemia, hyperglycemia) can delay and 
possibly prevent the development of cardiovascular disease [6, 7]. Therefore, the 
physician evaluating ED has a unique opportunity to diagnosis vascular impairment 
at a time when lifestyle changes and possible medical intervention have the potential 
to change morbidity and mortality of cardiovascular disease. As suggested by Miner, 
there might be a “window of curability” in which the significant risk of future car- 
diovascular events might be averted through early diagnosis and treatment [8—10]. 

In cases of diagnostic study for ED, emphasis is directed toward the cavernosal 
arteries. However, the initial survey scan is essential to evaluate for plaques, intra- 
vernosal lesions and urethral pathology as well as evaluation of the dorsal penile 
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Fig. 6 The right cavernosal artery is imaged 15 min after intracavernosal injection of 0.25 mL 
of trimix solution. The measured vessel diameter is 0.89 mm. The direction of flow and a dorsal 
branch of the cavernosal artery is easily appreciated with color Doppler. Also, documented on this 
image is the measurement of arterial diameter (0.89 mm), PSV (20.6 cm/s), EDV (8.9 cm/s), and 
calculated RI (0.57) are shown. Please note that the angle of incidence is electronically made to be 
60° by both electronic steering of the transducer and aligning the cursor to be parallel to the flow 
of blood through the artery. In addition the width of the caliper is adjusted to be approximately 3/4 
the width of the artery for best sampling 


vessels. The cavernosal arteries are visualized within the corpora cavernosa, and the 
depth of these arteries can be easily defined within the corpora during transverse 
scanning to ensure a comprehensively represented assessment of diameter at dif- 
ferent points along its course. Color Doppler examination of the penis should be 
performed in both transverse and longitudinal planes of view. Using the transverse 
views as a guide to cavernosal artery depth, turning the transducer probe 90° then 
provides longitudinal views of each corpus cavernosum separately, allowing for 
identification of the cavernosal arteries in longitudinal section (Fig. 5). The diam- 
eter of the cavernosal artery should be measured on each side. Color flow Doppler 
makes recognition of the location and direction of blood flow easy. Measurements 
of vessel diameter to assess the peak systolic flow velocity (PSV) as well as end- 
diastolic flow velocity (EDV), allow for the assessment of a vascular resistive index 
(RI) (Fig. 6). The diameter of the cavernosal artery ranges from 0.2 to 1.0 mm ina 
flaccid penis [11, 12]. PSV varies at different points along the length of the caver- 
nosal artery, typically with higher velocities occur more proximally [13]. Hence, the 
assessment of the PSV and EDV should be recorded at the junction of the proximal 
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Table 2 Treatment protocol for low-flow priapism caused by pharmocologic induction by vasoac- 
tive agents 


1. Observation: If no detumescence in | h, then 

2. Aspiration: With a 19 or 21 gauge butterfly needle aspirate 30—60 cc corporal blood. Repeat 
in 1/2 h if 100% rigidity returns. May be repeated up to three times. If 100 % rigidity persists 
than consider pharmacologic detumescence 

3. Pharmacologic detumescence: 


a. Phenylepherine 100-500 mcg injected in a volume of 0.3—1 cc every 3-5 min for a 
maximum of 1 h 

b. Monitor for acute hypertension, headache, reflex bradycardia, tachycardia, palpitations, 
and cardiac arrhythmia 

c. Serial noninvasive blood pressure and continuous electrocardiogram monitoring are 
recommended 


one-third and the distal two-thirds of the penile shaft. In the flaccid state, cavernosal 
artery PSV normally measures 5—15 cm/s, at baseline. This should be assessed and 
compared to the pharmacostimulated state [14, 15]. 

The intracavernosal injection should then be given. An overview of the injection 
procedure that we teach our patients is shown in the appendix. At regimented se- 
rial time points following the injection of vasoactive medication, cavernosal artery 
dimensions and flow velocities should be recorded to assess the response to phar- 
macologic stimulation. After prepping the lateral aspect of the penile shaft with an 
alcohol or providone-iodine prep pad, a finely measured volume of a vasoactive 
agent should be injected into one corpus cavernosum (in the distal two-thirds of the 
penile shaft) using a 29, or 30 gauge 1/2 inch needle. Pressure should be held on 
the injection site for at least 2 min to prevent hematoma formation. The amount to 
inject is patient specific. For example, a patient presenting with no erections after 
a radical prostatectomy that had normal erections prior to his procedure would be 
given a very low dose (i.e., 0.05 mL) of our standard TriMix (Papaverine 30 mg/ 
mL; Phentolamine 2 mg/mL; PGE-1 10 mcg/mL). A patient however, with signifi- 
cant cardiovascular disease with no erections would be given a much higher dose to 
begin with (i.e., 0.2 mL or greater). 

Vasoactive agents used for pharmacologic stimulation of erection include pros- 
taglandin El, papaverine, or trimix (combination of prostaglandin E1, papaverine, 
and phentolamine) [16]. As with every medication administration, the expiration 
date of the medication should be reviewed, patient allergies should be evaluated, 
and the dosage administered should be documented. We obtain an informed consent 
after the patient is counseled about the known risk for developing a low-flow pria- 
pism and appropriate follow-up if this were to arise [17]. This protocol requires the 
patient to stay in the office until penile detumescence occurs. A treatment protocol 
for low-flow priapism is given in Table 2. Of note, for patients in which we have 
given a vasoactive agent and have had to treat for low-flow priapism, aspiration, 
irrigation, and injection of intracorporal phenylephrine are usually successful to 
reverse the priapism state. In our experience, corporal aspiration alone has been 
uniformly successful in the setting of pharmacologically induced priapism in the 
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absence of confounding factors (e.g., concomitant use of phosphdiesterase inhibi- 


tors, sickle cell disease, etc.) following diagnostic duplex penile ultrasonography. 
Our algorithm for persistence of rigidity after an in office diagnostic injection: 


Arteriogenic ED is a form of peripheral vascular disease, commonly associated 
with diabetes mellitus and/or coronary artery disease. PSV is the most accurate 
measure of arterial disease as the cause of ED. The average PSV after intracaver- 
nosal injection of vasoactive agents in healthy volunteers without ED ranges from 
35—47 cm/s, with a PSV of 35 cm/s or greater signifying arterial sufficiency fol- 
lowing pharmacostimulation [18-23]. Primary criteria for arteriogenic ED include 
a PSV less than 25 cm/s, Cavernosal artery dilation less than 75%, Acceleration 
time > 110 ms. In cases of equivocal PSV measurements, particularly when PSV is 
between 25 and 35 cm/s include, we look for asymmetry of greater than 10 cm/s in 
PSV comparing the two cavernosal arteries, focal stenosis of the cavernosal artery, 
cavernoal artery and cavernsal-spongiosal flow reversal [24]. 

Veno-occlusive insufficiency, also referred to as venous leak, can only be diag- 
nosed in cases of ED where the patient was confirmed to have appropriate arterial 
function as measured by PSV. PDU parameters to assess the presence of veno- 
occlusive insufficiency as the cause of ED are EDV and RI. Antegrade EDV greater 
than 5 cm/s in the cavernosal artery demonstrated throughout the study, especially 
at the most turgid level of erection achieved, is suggestive of a venous leak [25, 
26]. This is only true if PSV is normal. Arteriogenic dysfunction by definition fails 
to produce a fully tumescent and rigid phallus. In the setting of venous leak, EDV 
is always greater than 0. The definitive test for venous leak is the DICC (dynamic 
infusion cavernosography and cavernosometry). However, when both arteriogenic 
and venogenic dysfunction exists, interpretation of DICC is difficult. On PDU, an 
RI of less than 0.75, measured 20 min following maximal pharmacostimulation has 
been found to be associated with a venous leak in 95% of the patients [27]. In the 
absence of a venous leak, a fully erect penis should have an EDV nearing zero and 
hence, the RI should approach or exceed (when reverse flow occurs) 1.0 (Fig. 7). 
In cases of diagnostic PDU with intracavernosal pharmacostimulation where a RI 
of 1.0 or greater is achieved, we recommend immediate treatment or prolonged 
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Fig. 7 Ina fully erect phallus, the RI should approach or exceed 1.0. If this condition persists it 
is termed as low-flow priapism. Color Doppler ultrasound findings in low-flow priapism dem- 
onstrate poor flow or absent flow in the cavernosal artery of the penis with moderate flow in the 
dorsal artery and vein 


observation to achieve detumescence because of the high specificity of absent dia- 
stolic flow for priapism [28]. 

In cases where arterial function and venous leak may be coexistent processes, 
indeterminate results may be yielded on PDU and a mixed vascular cause of ED 
may be assumed. However, venous competence cannot be accurately assessed in a 
patient with arterial insufficiency (Fig. 8). 

As previously discussed, arteriogenic ED has been found to correlate directly 
with other systemic cardiovascular diseases, both coronary artery disease (CAD) 
and peripheral vascular disease (PVD), in a number of population studies [29, 
30]. Researchers have postulated the common risk factor of atherosclerotic vascu- 
lar disease and impaired endothelium-dependent vasodilation by way of the nitric 
oxide pathway as the underlying pathophysiologic explanation for the remarkable 
overlap between these disease processes [31-33]. Also, hypogonadism has been 
noted as a common etiology for organic ED and disorders leading to metabolic 
syndrome [34, 35]. Vessel compliance is compromised in arteriogenic ED as it is in 
CAD. Patients with severe vascular etiology ED, have an increased cavernosal ar- 
tery diameter of less than 75 % (with overall luminal diameter rarely above 0.7 mm) 
following injection of vasoactive agents into the corpora cavernosa [22, 36]. 

Studies have demonstrated that vasculogenic ED may actually provide a lead- 
time on otherwise silent and undiagnosed cardiovascular disease [29, 37, 38]. ED 
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Fig. 8 With maximal stimulation, a PSV less than 25 cm/s suggests significant arteriogenic dys- 
function. In this patient, injection with a maximal dose of a mixture of papaverine, phentolamine 
and proitaglandin E1, the peak systolic (PS) velocity was 16.24 cm/s with an elevated end diastolic 
velocity of 4.49 with a calculated resistive index of 0.72. When a maximal PS velocity is less than 
25 cm/s, referral for evaluation of cardiovascular disease is recommended 


has also been found to predict metabolic syndrome in men with normal body weight, 
as defined by body mass index (BMI) less than 25 kg/m, suggesting that the early 
diagnosis and intervention of vasculogenic ED might avert significant morbidity 
and provide a public health benefit by reducing the significant risk of cardiovascu- 
lar and metabolic syndrome risk in men with ED [3, 5, 10, 39-42]. This is why we 
recommend referral for cardiovascular evaluation in men with a maximal PSV of 
less than 16 cm/s after injection of a maximal dose of a pharmacologic agent. 


Priapism 


Priapism can be differentiated as low-flow (ischemic) or high-flow (arterial) us- 
ing PDU. Ultrasound plays an adjunct role to an illustrative history which may 
commonly indicate the likely underlying mechanism of priapism. Laboratory tests 
including a cavernosal blood gas, PDU provides documentable findings that may 
guide further treatment. High-flow priapism is commonly a result of pelvic or peri- 
neal trauma which results in arterial fistulization between the cavernosal artery and 
the lacunae of the corpus cavernosum. Unlike low-flow priapism, which is a medi- 
cal emergency associated with severely compromised venous drainage from the 
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Fig. 9 Color Doppler and spectral ultrasound findings in a high-flow priapism demonstrating 
high peak systolic and high end diastolic diastolic velocity in the cavernosal artery (ca) feeding the 
arteriovenous fistula (AVF) 


corpora cavernosa, high-flow priapism does not result in venous stasis and rapid 
risk of tissue necrosis. Ultrasound used as an aide in the definitive diagnosis and 
localization of the cause of high-flow priapism can expedite treatment with selec- 
tive angioembolization [43]. In cases of high-flow priapism PDU reveals normal 
or increased blood flow within the cavernosal arteries and irregular, turbulent flow 
pattern between the artery into the cavernosal body at the site of an arterial-lacunar 
fistula (Fig. 9a). In contrast, a low-flow priapism on PDU would present with absent 
or very high-resistance flow within the cavernosal artery (Fig. 9b). 

A transperineal approach should also be used in cases of suspected high-flow 
priapism to fully evaluate the proximal aspects of the corpora cavernosa. Ultra- 
sonography of these deep structures may reveal ateriocavernosal fistula following 
perineal trauma, not evident by routine scanning of the penile shaft. 


Penile Fracture 


Similar to priapism, the diagnosis of penile fracture is largely clinical, based upon 
the history gathered combined with the physical examination findings. However, 
PDU may play an important diagnostic role in more elusive cases, expediting a 
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Hematoma 


Fig. 10 a Penile fracture depicted at the level of a tunica albugineal tear and presence of air 
spreading from urethral lumen through the corpus spongiosum (curved arrow) and right corpus 
cavernosum (straight arrow). b Fracture is shown (/ong arrow) with tissue bulging above the 
tunica albuginea. c Transverse penile ultrasound demonstrating a defect in the tunica albuginea 
enveloping the right corpus cavernosum (RT) with adjacent hematoma found typically on physical 
exam as an “eggplant deformity” 


definitive diagnosis and early surgical management [44, 45]. Penile fracture can be 
seen on ultrasonography as a break point in the normally thin, hyperechoic tunica 
albigunea with altered echotexture in the adjacent area in the corpus cavernosum 
(Fig. 10a, b). This area of injury is also void of blood flow on color flow Doppler. 
Penile ultrasound can be used to measure the resultant hematoma that extrudes from 
the break point in the tunica albuginea (Fig. 10c). 

In cases of both conservative management and post-surgical exploration and re- 
pair, PDU can be used as a minimally invasive follow-up study to ensure progressive 
healing, reabsorption of the hematoma, and intact blood flow on serial evaluations. 
Also, PDU allows for a dynamic anatomic assessment of erectile function following 
penile fracture in patients who have ED. 
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Fig. 11 Longitudinal penile 
image demonstrating throm- 
bosis of the dorsal penile 
vein known as Mondors’ 
syndrome of superficial 
thrombophlebitis of the penis 
(arrow) 


Dorsal Vein Thrombosis 


Occasionally, dorsal vein thrombosis, often called Mondor’s phlebitis, occurs with 
the triad of clinical symptoms of inflammation, pain and fever resulting in patient 
consultation. There is often some induration and tenderness over the involved vein. 
The etiology has been variously ascribed to neoplasm, mechanical injury during 
intercourse, sickle cell disease, varicocele surgery and herpes simplex infection. 
Occlusion of the vein can be visualized on ultrasound (Fig. 11) and followed with 
serial imaging as required to document resolution which usually occurs spontane- 
ously as patency is reacquired in 6-8 weeks [46-50]. 


Peyronie’s Disease 


Penile ultrasonography is often used as an adjunct to a complete history and physi- 
cal examination in the assessment of a patient with Peyronie’s disease. Fibrotic 
plaques can be visualized as hyperechoic or hypoechoic areas of thickening of the 
tunica albuginea [51, 52]. At times these plaques have elements of calcification, 
which cause a distinct hyperechoic focus with posterior shadowing on ultrasound 
(Fig. 12). Ultrasonography can aide to confirm the presence of plaques palpated 
on physical examination and allows for accurate measurement of these lesions. 
Whenever possible, measurement of the plaque length, width, and depth should be 
obtained and documented. PDU can be used to assess perfusion around the area of 
plaques. Hyperperfusion is suggestive of active inflammation. 

Many men with Peyronie’s disease have coexistent ED. Men with Peyronie’s 
disease and ED most commonly have veno-occlusive insufficiency secondary to 
the fibrotic plaques present, but arterial insufficiency or mixed vascular abnormali- 
ties can also be implicated as the cause of ED [53]. Comprehensive assessment of 
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Fig. 12 Hyperechoic areas 
on the dorsal surface of the 
corpus cavernosum consis- 
tent with calcified plaque 
(arrows) at the base and mid 
portion of the phallus with 
posterior shadowing (open 
arrows) 


the underlying cause of ED using PDU provides guidance for the most appropri- 
ate patient-specific, treatment course. In men with normal erectile function, penile 
modeling, plaque injection, or surgical procedures such as plication or grafting pro- 
cedures may be considered. In men with concomitant Peyronie’s disease and ED, 
reconstructive procedures may be undertaken with added care to define perforating 
collateral vasculature from the dorsal artery system. However, erectile function will 
not be improved in these men and often concomitant treatment for the erectile func- 
tion is required. In more severe cases, penile implant may be indicated. 


Sonoelastography 


The ability to access pathology by palpation has long been a key part of the physi- 
cian’s physical examination. Hard lesions are often a sign of pathology. Sonoelas- 
tographraphy (tissue elasticity imaging) is an evolving ultrasound modality which 
adds the ability to evaluate the elasticity of biological tissues. Essentially, it gives 
a representation, using color, of the softness or hardness of the tissue of interest. 
The physics of this modality is given in an earlier chapter. Visually, the elasticity 
of a tissue is represented by color spectrum. Be aware that the color given to hard 
lesions is determined by the manufacturer of the equipment as well as being able to 
be set by the user. Therefore, just as in using color Doppler, the user needs to look 
at the color bar to know which color represents a ‘hard’ and ‘soft’ lesion. Penile 
curvature is sometimes present without a palpable plaque. In addition, B mode and 
Color Doppler are not sufficient to identify areas of the cavernosal bodies that are 
denser than the surrounding tissue. We have used sonoelastography of the phallus 
to locate these areas which might be amenable to treatment with injectable agents 
(Figs. 13 and 14) [54]. 
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Fig. 13 Sonoelastography (top image) and B mode image (lower image) of the mid-sagittal view 
of both the right and left cavernosal bodies of a 40-year old man with left penile curvature. No 
plaque could be identified on exam or by B mode ultrasound (/ower images). Firmer issue (red) 
was clearly identified with sonoelastography 


Fig. 14 Three sonoelastography transverse images of the base, mid and distal views of the same 
patient in Fig. 13 with penile curvature and a nonpalpable plaque. The base of the phallus clearly 
has less firm tissue than the distal phallus. Sonelastography again shows firmer tissue in the mid 
left cavernosal body 
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Fig. 15 Lesion to right corpora cavernosa (cc) demonstrated in both the longitudinal (a) and trans- 
verse (b) projection in patient with metastatic colon cancer 


Penile Masses 


Most commonly masses discovered on physical examination are benign entities 
such as Peyronie’s plaques, subcutaneous hematomas, or cavernosal herniation 
through tunica albuginea defects. 

Cancerous lesions of the penis are rare. Nevertheless, primary penile carcino- 
mas with deep invasion and more rarely metastatic lesions may present as masses 
within the penile deep tissues (Fig. 15). Penile carcinoma is usually identified by 
inspection as most arise as a superficial skin lesion. Ultrasound usually identifies 
these lesions as hypoechoic ill-defined lesions with increased blood flow relative 
to surrounding tissues. Although not indicated for staging purposes, ultrasound can 
aide in assessment of anatomic relationships of the mass to deep structures, at times 
identifying depth of penetration in cases where the tumor clearly invades the tunica 
albuginea and corporal bodies [55, 56]. 

Metastatic deposits within the penis are exceedingly rare, but appear on ultra- 
sound similar to primary penile carcinomas as hypoechoic lesions with hyperperfu- 
sion. However, metastatic lesions in the penis are rarely contiguous with the skin 
surface and more commonly well circumscribed compared to primary penile can- 
cers [57]. 


Penile Urethral Pathologies 


Penile ultrasound has been used as an adjunct to the physical examination to bet- 
ter diagnose and define specific urethral pathologies. Direct urethral visualization 
using a cystoscope is the preferred diagnostic test for many urologists. However, 
ultrasound can provide an economically-sound and noninvasive alternative for the 
assessment of urethral stricture, foreign bodies including urethral calculi, and ure- 
thral and periurethral divericula, cysts, and abscesses. 

Urethral strictures are the result of fibrous scarring of the urethral mucosa and 
surrounding spongiosal tissues which contract and narrow the luminal diameter of 
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Fig. 16 a Urethral stricture 
(arrow) with sono-urethrog- 
raphy. b Sono-urethrography 
with color Doppler (bot- 
tom). Note the lumenal 
perfusion detail given by 
sono-urethrography 


the urethral channel. Common causes of penile urethral strictures are infections, 
trauma, and congenital narrowing. Urethral trauma resulting in stricture disease in- 
cludes, but is not limited to: straddle injury, passage of stones or foreign bodies, 
and iatrogenic instrumentation including catheterization and cystoscopy. Although 
retrograde urethrography is the standard imaging modality for urethral stricture dis- 
ease (both anterior and posterior segments), penile ultrasound provides a more ac- 
curate assessment of stricture length and diameter in the anterior segment [58—60]. 
Furthermore, penile ultrasound allows for assessment of stricture involvement with- 
in the periurethral spongy tissue whereas a classic urethrogram only assesses the 
luminal component of the pathology (Fig. 16) [61]. On B-mode ultrasonography, 
strictures appear as hyperechoic areas surrounding the urethra without evidence of 
Doppler flow, consistent with the findings of fibrosis. However, the fibrotic stric- 
ture segment may have surrounding Doppler flow demonstrating hyperemia from 
inflammation. With distension of the urethra with saline or lubricating jelly, areas of 
narrowing can be appreciated, corresponding to the location of a stricture. 

Urethral foreign bodies or calculi suspected based upon patient history and phys- 
ical examination can be easily confirmed with penile ultrasound. Shape, size, and 
location of these obstructing bodies can be assessed, and a therapeutic plan can be 
made based upon the data obtained [62]. 

Urethral and periurethral diverticuli, cysts, and abscesses can be delineated with 
penile ultrasound with ease. A contrast medium such as normal saline or lubricating 
jelly is needed to provide a differential in ultrasound impedance to identify ure- 
thral or periurethral diveriticula with the best sensitivity [63]. Cysts and abscesses 
around the urethra can be visualized using penile ultrasound without the insertion 
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of contrast material. However, at times contrast material can be useful in identifying 
whether the structures noted are separate from the urethra once distended. 


Proper Documentation 


Complete and meticulous documentation of every ultrasound examination is an ele- 
ment of a comprehensive study. Documentation often entails a series of representa- 
tive static images or cine series (when electronic storage space and technology al- 
lows) that are archived with an associated report documenting pertinent findings and 
indicated measurements and calculations. The combination of images and a written 
document of findings allows for optimal diagnosis aiding in patient care, archival 
reference in the patient medical record, and appropriate billing of services provided. 

Each report must include patient identification (i.e., name, medical record num- 
ber, date of birth, etc.), date of the examination, type of examination performed, 
indications for the examination, and pertinent findings and diagnoses. It is manda- 
tory to include complete identification of the patient and study. Each report should 
also be undersigned by the ultrasonographer and physician interpreter of the study 
to document who performed the study and who read the results in cases where a 
technician performs the study-saving images for a physician’s interpretation. Cop- 
ies of the printed images should be attached to the report or electronically stored 
images and/or videos should be referenced in the written report. The ultrasound 
images should be labeled with the date and time of the study, patient identification, 
and applicable anatomic labeling. Chapter 8 covers a suggested image and report 
documentation protocol with templates that can be used to assure comprehensive 
documentation of the study. 


Conclusion 


With a proper understanding of penile anatomy and functional physiology, penile 
ultrasound provides a real-time imaging modality assessing the static anatomic fea- 
tures and vascular dynamics. As a diagnostic modality, ultrasound provides urolo- 
gists a vital tool in the office assessment of ED, Peyronie’s disease, penile urethral 
strictures, and masses of the penis as well as an acute care setting evaluation of a 
penile trauma patient. Newer technologies, such as sonoelastography, offer the po- 
tential to offer additional insight into the pathologic process. 
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Patient Instructions for Penile Injection Therapy 


I Preparation for Injection 


Items You Will Need 


e Alcohol sponges or swaps 

e I mL insulin syringe with #28 or #30 gauge needle. These are disposable and not 
to be reused for a second injection. Disposal should be performed with the cap 
on the needle so as not to injure anyone disposing of trash. 

e Papaverine/Phentomlamine combination, Prostaglandin El or Papaverine/ 
Phentolamine/Prostaglandin combination either pre-drawn by the physician a 
pharmacist in the syringe, or in a vial to be drawn into the syringe by the patient 
in the appropriate volume as prescribed by the physician. The medication must 
be refrigerated and away from light exposure. 


Filling the syringe: 
1. Check the expiration date of medication. Hold the medication bottle so that your 
fingers do not touch the rub or stopper. 
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2. Using a circular motion, wipe off the top of the bottle with alcohol swab. 


3. Remove the needle cover. Do not allow the need of to touch anything before 
drawing the medication or before injecting the medication. 
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4. Draw an amount of the air is cool to the mountain medication to be injected into 
the syringe. Push the need of and to the center of the stopper. Push the air into the 


bottle. 


148 S. Rais-Bahrami and B. R. Gilbert 


5. Turn the bottle and syringe upside down. Solely draw the medication into the 
syringe. Tap the syringe gently to remove the bubbles. 
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6. Move the plunger in and out several times while gently tapping the syringe, just 
removing all air bubbles. 


7. Gently removing the old from the bottle and replace the. The soon the protective 
and place the filled syringe within easy reach prior to injection. 
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II Self-injection Technique 


Step 1 Grasp the head of the penis, not the skin, and hold upwards toward the 
trunk. Position the penis along your inner thigh. Choose the injection site on the side 
of the penis. Avoid injecting into any visible veins. The crossed hatched areas in the 
figure below represent the ideal locations to inject into. 


Dorsal artery 
and nerve 


Urethra 


Step 2 Wipe the skin with an alcohol swab. 
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Step 3 Pick up the syringe between the thumb and middle finger, like a pen, and 
push the needle gently but firmly through the skin until the entire need is buried 
inside the penis. 


Step 4 Holding the syringe, use your thumb to slowly (8—10 s) inject the entire 
amount of medication. Then remove the needle with from your penis. 
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Step 5 Immediately apply pressure on the injection site with another alcohol wipe 
for at least 2 min. Make sure there is no bleeding. 


Step 6 Dispose of the syringe unit into the puncture-proof receptacle provided. 


Step 7 Stand up to allow your erection to develop quickly. You are now ready to 
start sexual foreplay. You will have a full or action within a few minutes. 

Normally, the erection will last anywhere from 30—120 min. If your erection lasts 
longer than 3 h, you should seek immediate medical attention. 
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Chapter 6 
Urology Ultrasound Practice Accreditation 


Paula S. Woletz and Bruce R. Gilbert 


As physicians, we strive to provide our patients with the best clinical advice. There- 
fore, in performing office ultrasound, we are committed to assure that our equip- 
ment, sonographers, and protocols are the best. Likewise, patients rightfully expect 
that the ultrasound exam performed uses equipment that is safe and can effectively 
image the organ of interest. They also trust that their physician can review these 
images and make appropriate diagnoses and treatment decisions. We constantly en- 
deavor to assure the best care for our patients yet there are few protocols that define 
what a standard exam consists of. In addition, third party payers have, for a multi- 
tude of reasons, instituted requirements for practices, including urology practices, 
to follow in order to be compensated for their work in providing ultrasound imag- 
ing services. How does the Urologist sonographer then assure that their ultrasound 
exam is compliant with current standards and protocols? One way is through prac- 
tice accreditation. There are presently two acknowledged accrediting agencies the 
American College of Radiology (ACR) and the American Institute for Ultrasound 
in Medicine (AIUM). The AUA and the AIUM have partnered to develop a pathway 
whereby urology practices can obtain accreditation that is recognized by regulatory 
authorities and third party payers. This chapter details the process. 
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The Safety of Ultrasound: Primum Non Nocere 


Diagnostic ultrasound uses no ionizing radiation, and is, therefore, generally con- 
sidered a safe imaging modality. However, sound waves are not entirely benign. 
The mechanical effects of sound waves may be strong enough to break up kidney 
stones during lithotripsy, or may cause the cavitation of bubbles in tissues contain- 
ing gas pockets. The friction created as sound waves travels through tissue may 
result in therapeutic localized heating (desired in physical therapy), or the elevated 
temperature may have unwanted effects. 

In 1985, the US Food and Drug Administration (FDA) developed ultrasound 
exposure limits for various diagnostic applications: 720 mW/cm? spatial peak tem- 
poral average (SPTA) for peripheral vascular ultrasound, 430 mW/cm? for cardiac 
ultrasound, 94 mW/cm? for fetal and other ultrasound, and 17 mW/cm’ for ophthal- 
mic ultrasound. In 1992, the FDA approved the sale of equipment with an SPTA 
720 mW/cm? for all applications other than ophthalmic as long as the equipment 
included displayed the newly developed thermal and mechanical indices. With this 
change, the user, not the manufacturer, has primary responsibility for ensuring the 
safe use of ultrasound [1, 2]. 

Much of the research on the safety of diagnostic ultrasound has focused on its use 
in obstetrics [3]. While attention to ultrasound exposure is critical, the importance 
of knowledge and experience must not be overlooked [4]. Patients who receive 
technically inadequate and/or misinterpreted sonograms may not be appropriately 
managed, require additional studies, or undergo unnecessary procedures. As Merritt 
wrote in 1989, 


[If] we are really serious in our intention to perform sonographic studies with maximum 
benefit and minimal risk, the problem of user education, as well as that of bioeffects, must 
be addressed. In sonography, inadequate user input may be as bad or worse for the patient 
than excessive acoustic output. The traditional emphasis on the training and practice of the 
radiologist and the technical and clinical aspects of imaging should encourage our specialty 
to lead rather than follow our clinical colleagues in the practice and teaching of safe and 
effective sonography. Only through this approach can we fulfill our fundamental obligation 
as physicians to protect the patient from unnecessary harm and provide maximum benefit 
with minimal risk [5]. 


The History of Ultrasound Practice Accreditation 


There are few laws regulating the performance and interpretation of ultrasound ex- 
aminations. Any licensed physician may purchase an ultrasound machine and begin 
performing and interpreting sonograms, regardless of whether he or she has re- 
ceived training in the area. Likewise, in most states, any individual can be handed a 
transducer and told to scan. When an ultrasound exam is indicated, how can patients 
and their referring physicians know where to go? 

In 1995, the American College of Radiology (ACR) and the American Institute of 
Ultrasound in Medicine (AIUM) began to develop programs to accredit ultrasound 
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practices, and the two organizations accredited their first ultrasound practices in 
1996. As of this writing, there are 4401 practices (each site applies as a single prac- 
tice) with ACR ultrasound accreditation and 1210 (a total of 2039 sites) with AIUM 
ultrasound accreditation. 

The ACR offers ultrasound practice accreditation in breast, general, gyneco- 
logic, obstetric, and vascular ultrasound. The AIUM offers ultrasound practice 
accreditation in abdominal/general, breast, dedicated musculoskeletal, dedicated 
thyroid/parathyroid, gynecologic, fetal echocardiography, obstetric, and urologic 
ultrasound. 

Because many leaders of the ultrasound community belong to both organiza- 
tions, their accreditation programs are similar. Both organizations have developed 
training guidelines for the interpretation of ultrasound examinations [6—8], and the 
two organizations have collaborated on the development of guidelines for the per- 
formance of a variety of ultrasound exams. Both programs review the qualifications 
of the physicians and sonographers in the practice, the maintenance and calibration 
of ultrasound equipment, various policies and procedures, and both programs re- 
quire the submission of actual case studies. Both programs are accepted by insurers 
that require ultrasound practice accreditation as a requirement for reimbursement. 

The differences between the two organizations can be seen in their mission 
statements: 


The ACR serves patients and society by maximizing the value of radiology, radiation oncol- 
ogy, interventional radiology, nuclear medicine, and medical physics [9]. 

The American Institute of Ultrasound in Medicine is a multidisciplinary association dedi- 
cated to advancing the safe and effective use of ultrasound in medicine through professional 
and public education, research, development of guidelines, and accreditation [10]. 


AIUM ultrasound physician training guidelines and ultrasound examination guide- 
lines must be relevant to the organizations that are most directly involved with spe- 
cific ultrasound specialties. For example, AIUM guidelines for the performance of 
abdominal/retroperitoneal ultrasound examinations were developed in collabora- 
tion with ACR, the Society for Pediatric Radiology (SPR), and the Society of Radi- 
ologists in Ultrasound (SRU). ACR and the American College of Obstetricians and 
Gynecologists (ACOG) collaborated on the guidelines for the performance of ob- 
stetric ultrasound exams. The participation of the American Urological Association 
(AUA) was critical in the development of AIUM Training Guidelines for the Perfor- 
mance of Ultrasound in the Practice of Urology [8] and AIUM Practice Guidelines 
for the Performance of an Ultrasound Examination in the Practice of Urology [9]. 
This collaboration led to the development of ATIUM ultrasound accreditation in the 
practice of urology. 

How does accreditation differ from certification? Certification is granted to an 
individual who has demonstrated a level of knowledge and who continues to meet 
the requirements necessary to maintain the certification. The individual remains 
certified regardless of where he or she works. Accreditation is granted to a practice 
(which may be the practice of a solo practitioner) that demonstrates that all of the 
individuals in the practice, all the relevant policies and procedures, and equipment 
and maintenance meet certain requirements. Practices must continue to demonstrate 


160 P. S. Woletz and B. R. Gilbert 


compliance at regular intervals, regardless of whether there are changes in person- 
nel, policies, or equipment. An individual who works in an accredited practice can- 
not go to another practice and claim that the services provided at the second facility 
are accredited. 


AIUM Ultrasound Practice Accreditation in Urologic 
Ultrasound 


The application is available online at http://aium.org/accreditation/accreditation. 
aspx, and consists of the following sections. 


e Contact information 
e Overview of the practice 


— Specialty/specialties in which the practice seeks accreditation 
— The type of practice 

Ultrasound coverage 

— OSHA compliance 


Practices may consist of one or more fixed sites, may be exclusively mobile (in 
which case a machine is taken from one location to another), or may be a combina- 
tion of the two. 


e Document storage and record-keeping policies 


There must be stored images of all relevant normal and abnormal findings. Images 
and reports must be retained for a period of time that meets or exceeds state or fed- 
eral requirements [11, 12]. 


e Patient safety and quality assurance protocols 


— Steps to ensure that the appropriate study is performed on the correct patient 

— Ifultrasound-guided invasive procedures are performed, steps taken to verify 
patient identification, procedure site, specimen labeling, and hand-off 

— Incident reporting 

— Availability of signed final reports 

— Preliminary report policies (if applicable) 

— Universal precautions 

— Disinfection of endocavitary probes 

— Implementation of the ALARA principle 

— Quality assurance 


Final reports must be signed within 24 h of the exam or, for nonemergency cases, 
by the next business day [11, 12]. 

The practice must meet AIUM transducer cleaning guidelines. Endocavitary 
probes must undergo high-level disinfection after every use, using an FDA-cleared 
solution [13]. 


6 Urology Ultrasound Practice Accreditation 161 


There must be policies and procedures to protect patients and personnel. The 
practice must show evidence of practicing the as low as reasonably achievable 
(ALARA) principle. There must be regular, retrospective efforts to monitor the 
completeness and technical quality of images and the accuracy and timeliness of 
reports [11]. 


e Facility/facilities 


— Address, phone, fax 

— Specialty/specialties performed 

— Annual ultrasound volume 

— Is this site the principal location where each ultrasound specialty is performed? 


A practice may accredit several sites under a single application as long as there 
is one physician director overseeing the ultrasound operations at all site, the sites 
follow the same ultrasound examination protocols, reporting policies, etc., and the 
ultrasound equipment is of comparable quality. 


e Ultrasound equipment 


— Location 

— Make, model, serial number, year acquired 

— Frequency of maintenance 

— Each ultrasound machine must undergo preventive maintenance and calibra- 
tion on an annual basis or more frequently [11]. 


e Interpreting physicians 


— Name 

— Involvement with ultrasound functions 

— Specialty/specialties interpreted, average weekly volume 
— Residency and (if applicable) fellowship 

— Ultrasound training 

— Ultrasound continuing medical education 


Only those physicians in the practice who interpret ultrasound should be listed on 
the application. All physicians who interpret ultrasound for the practice, even if 
they only provide occasional coverage, must meet the physician training guidelines 
(Table 1) and be listed on the application. One of the interpreting physicians must 
be designated as the practice’s physician director of ultrasound. 

Each interpreting physician must have participated in at least 100 genitourinary 
ultrasound examinations prior to submitting the application, and must participate 
in at least 150 genitourinary ultrasound in the 3 years prior to reaccreditation [11]. 

Once the practice is accredited, each interpreting physician must obtain a mini- 
mum of ten AMA PRA Category 1 Credits™ in genitourinary ultrasound every 
3 years [11]. 


e Sonographers (if applicable) 


— Name 
— Involvement with ultrasound functions 
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Table 1 Physician training requirements for AIUM ultrasound practice accreditation in urologic 
ultrasound. (From AIUM Training Guidelines for the Performance of Ultrasound in the Practice of 
Urology, used with permission) 


Physicians performing and/or interpreting diagnostic examinations should meet at least one of 
the following criteria 


Completion of an approved urologic residency which includes training in ultrasound since July 
1, 2009 (the year reporting of ultrasounds was required by the residency review committee) and 
is board certified by the ABU or is board eligible 


Board certified in urology prior to July 1, 2009 and submit an attestation of experience including 
involvement with 100 diagnostic ultrasound examinations and training in urologic ultrasound 
which includes at least a minimum of 12 h of AMA PRA Category I credits™ Level 2 course(s) 
verifying the individual has satisfactorily met all specified learning objectives for the Level 2 
classification course(s) including hands-on demonstration of successfully performing and docu- 
menting ultrasound studies. CME must be AUA Office of Education or AIUM approved courses 
and include both didactic and hands-on ultrasound 


Certification 

— Training 

— Specialty/specialties performed 
— Length of time with practice 


Each sonographer or other nonphysician who performs ultrasound examinations for 
the practice must be or become appropriately certified prior to reaccreditation (in 
3 years). The AIUM currently recognizes certification in abdominal ultrasound by 
the American Registry of Diagnostic Medical Sonography (ARDMS) and general 
sonography certification granted by the American Registry of Radiologic Technolo- 
gists (ARRT) obtained after January 1, 2013 [11]. 


e Additional personnel (if applicable) 


— Name 
— Involvement with ultrasound functions 


Within 1 week of submitting the online application, the practice must submit the 
following to the AIUM: 


1. Payment (if not already paid online) 
The nonrefundable accreditation fee is automatically calculated based on the 
number of specialties in which the practice seeks accreditation, the number of 
sites the practice would like to have accredited, and the number of machines the 
practice has [14]. 

2. Two signed copies of the Accreditation Agreement 
The Accreditation Agreement defines the relationship between the AIUM and 
the practice seeking accreditation. It includes a HIPAA addendum by which the 
practice names the AIUM as its business associate. Review of the application 
cannot begin without this agreement. The AIUM will also sign the agreement 
and send you a copy for your HIPAA records [15]. 

3. Single copy of the completed Accreditation Checklist and supporting documents, 
including medical licenses and residency and/or fellowship certificates for each 


6 Urology Ultrasound Practice Accreditation 163 


interpreting physician, current registry cards for all sonographers (if applicable), 
and preventive maintenance records for each of your ultrasound machines [16]. 
4. Case studies 
The case studies are the most important component of the accreditation 
application. 
The practice must submit the images and reports from four cases in the area or 
areas most commonly performed by the practice at its principal site. For exam- 
ple, a practice that mostly sees males with a history of infertility, most or all of 
the cases submitted are likely to be scrotal sonograms. Another practice may 
choose to submit the images and reports from one renal study, two prostate stud- 
ies, and one penile study. 


If the practice has more than one site or mobile unit, it must submit one additional 
case study and report from each additional site or mobile unit [17]. 
Important points: 


The practice must retain all original studies. 

. Cases performed using automated bladder scanners are not acceptable. 

Only diagnostic studies performed within the last 12 months are acceptable. 

. If there are multiple interpreting physicians and/or sonographers, the cases must 
reflect as many of the physicians and sonographers as possible. Studies per- 
formed or interpreted by someone who is not listed on the application will not be 
accepted. 


anoop 


5. Case studies and supporting documents are submitted through the applicant’s 
secure online accreditation account. 


The AIUM Accreditation Review Process 


Once the online application, signed accreditation agreements, payment, supporting 
documents, and case studies have been received, one copy of the agreement, now 
also signed by the AIUM, is returned to the practice with a note that the application 
is complete and is being sent out for review. 

The online portion of the application and the supporting documents are reviewed 
internally. 

The case studies are sent out to two independent reviewers, and, if their scores 
are discrepant, may be sent to a third reviewer as well. All studies are scored based 
on their compliance or noncompliance with the relevant ultrasound examination 
guidelines. 

Once all of the scores have been reconciled and review of the online application 
is complete, the practice will be sent a findings letter that summarizes any areas that 
need clarification or revision, as well as reports of any deficient areas noted in the 
case studies. The practice will be given 30 days to respond to the letter and, if one 
or more case studies receive failing scores, submit a new case or cases showing that 
the practice has implemented changes to correct any deficiencies. 
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Once the response has been received, the application will be presented to the 
AIUM Ultrasound Practice Accreditation Council, which will decide whether to 
grant accreditation. 


The Effect of Ultrasound Practice Accreditation 


To date, there have been few studies on the impact of ultrasound practice accredita- 
tion. 

In 2004, Brown et al. published a retrospective review of asymptomatic patients 
who were referred for surgical evaluation for carotid endarterectomy on the basis 
of carotid arteries studies performed at nonaccredited facilities [18]. All patients 
underwent additional scans at an accredited facility. The authors found that the tech- 
nical errors by the unaccredited facilities led to overestimation of disease in 18% of 
the cases, and underestimation of disease in 26% of cases. Patient management was 
significantly altered on the basis of the repeat studies performed at the accredited 
facility in 61 % of patients. 

There were significant limitations to this study, which based its conclusions on 
findings from “several” nonaccredited facility and one accredited practice. All anal- 
yses were based on the reports from the nonaccredited practices; no images from 
these practices were reviewed, and, the findings from the accredited practice were 
used as the standard; no angiograms were obtained. 

Another study, by Abuhamad et al. was also published in 2004 [19]. In this study, 
the scores of practices applying for AIUM reaccreditation were compared to the 
scores the same practices had received in their initial applications 3 years earlier. 
The scores of the practices applying for reaccreditation were also compared to the 
scores of practices submitting initial applications at the same time (and in the same 
specialties) as the reaccreditation applications. Because most of the applications 
received at that time were in obstetric and/or gynecologic ultrasound, only those 
specialties were reviewed. 

The scores of practices applying for reaccreditation were significantly higher 
than their initial scores (P<0.001 for all). The scores of the practices applying for 
reaccreditation were also significantly higher than those of practices applying for 
initial accreditation at the same time, although it was noted that the scores of prac- 
tices applying for initial accreditation at that time were higher than the initial scores 
of the practices now applying for reaccreditation. The findings confirmed that the 
process of accreditation played a significant role in the improvement of scores at 
reaccreditation, and the authors suggested that growing familiarity with AIUM stan- 
dards and guidelines may have contributed to the higher scores earned by initial ap- 
plicants applying for accreditation when compared to the scores earned by practices 
that initially applied for accreditation 3 years earlier. 

“In conclusion,” the authors wrote, “our study shows that ultrasound accredi- 
tation adds value to the practice by improving compliance with AIUM minimum 
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standards and guidelines for the performance of ultrasound examinations, which 
should translate into enhancement of the quality of the ultrasound practice.” 


A Urology Practice Perspective 


The process of practice accreditation is not without challenges to both the urologists 
and the urology practice. Urologists have traditionally viewed imaging as a tool, 
very much like a stethoscope, that assists them in providing care for their patients. 
The process of accreditation changes this by requiring both the urologist and the 
urology practice to expend resources to meet the requirements of accreditation. As 
the Physician Director of an AIUM accredited urology practice, I first needed to 
first make sure that all 18 members of our group understood the benefits of practice 
accreditation and were supportive of the endeavor. A concern of my colleagues was 
that if any did not meet the physician requirements for credentialing by the date of 
accreditation that physician could no longer order, review, or bill for these studies 
until that individual satisfied the requirements. To maximize the number of creden- 
tialed physicians, we arranged with the AUA to have a hands-on ultrasound course 
that would satisfy the training requirements as specified above. 

A second challenge, which actually turned out to be a tremendous benefit of 
going through the accreditation process, was the organization of our ultrasound 
program. A Policy and Procedure (P&P) manual was developed that organized our 
quality assurance program. Preventative maintenance logs were updated and placed 
on recurring cycles with our vendors. Protocols were developed with the sonogra- 
phers to assure quality and consistency in all ultrasound exams. An image archival 
system (PACS) was purchased and integrated with our electronic medical records 
for image and report archiving. The 24 h physician review and sign-off was there- 
fore easily attained. We have also instituted monthly meetings with the physician 
director of ultrasound and sonographers at which time we review random studies 
and reports and adjust our protocols as needed. 

The accreditation process has greatly helped organize our approach and mark- 
edly improved the quality of our process. This has translated into improved diag- 
nostic examinations and, in turn, patient care. In addition, it has allowed us to obtain 
reimbursement from third party payers that have been denying claims based on our 
prior lack of accreditation. 
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Chapter 7 
Male Genital Ultrasound Protocols: 
Putting It All Together! 


Bruce R. Gilbert 


This chapter describes one urologist’s view of what a complete, normal, ultrasound 
evaluation of the male genitalia should include. Of course, any pathology noted 
should be imaged, labeled, and measured. The location of the lesion of interest 
should be well documented, possibly on several images and Doppler evaluation 
performed. My expectation is, that as the urologist becomes an expert sonographer, 
changes to this protocol will occur. I have incorporated in these protocols the re- 
quirements of the AIUM for Urology Practice Accreditation. Use of these protocols 
should meet and even exceed the AIUM requirements. This primer includes a brief 
description of documentation of the ultrasound study followed by a detailed expla- 
nation of the focused urologic ultrasound examination. 


Documentation 


Documentation is essential for insuring high-quality patient care. Proper documen- 
tation includes the maintenance of a permanent record of the ultrasound examina- 
tion and the interpretation of the examination [1, 2]. In addition, documentation 
should be easily retrievable, and storage and access to this documentation should 
comply with local, state, and federal requirements. 
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Components of Proper Documentation 


Written Report 


The report should include specific identifiers including the patient identification, 
the date of the examination, and the measurement parameters as well as a descrip- 
tion of the atypical findings of the examination. Ideally the report should also in- 
clude specifics on how the evaluation was performed including details on the trans- 
ducer used and machine settings employed. Most of the important machine settings 
are often already included on the recorded image. The report must be signed by the 
physician who ordered and interpreted the ultrasound examination. The Final report 
must be signed by the interpreting physician within 24 h. If the ordering physician 
is not the interpreting physician then the ordering physician must sign the report 
within 48 h. Prominently displayed at the top of the report should be the indications 
for performing the examination. The appendix contains two templates that offer 
a structure for the report. Template A for the scrotal ultrasound examination and 
Template B for the Penile ultrasound examination. These templates were designed 
for direct entry into an electronic database, however, they can be easily formatted 
by the user for a printable report. 


Images 


Images should include patient identification, the date and time of each image, clear 
image orientation, measurements clearly identified, and labeling of anatomy and 
any abnormalities. If appropriately documented, the image should be able to be 
viewed by any trained sonographer. The image should provide a clear, unimpeded 
ultrasound representation of the anatomy of interest. Images should always be at- 
tached to the report or be easily accessible from the report. 

The use of electronic medical records has made the documentation of ultrasound 
examinations somewhat easier. However, it has also created challenges in managing 
the archives of images and assuring the accessibility of these records to only autho- 
rized personnel. Regulatory requirements for documentation have been promulgated 
by the American College of Radiology (ACR) [3] and the American Institute of Ultra- 
sound in Medicine (AIUM) [2]. In addition, federal and state regulations governing 
electronic data storage of patient information also apply and need to be adhered to. 

2011 AIUM Practice Guidelines (Ultrasound in the Practice of Urology) [4]. 
These guidelines discuss qualifications and responsibilities of personnel as well as 
specifications for individual examinations. 

Considerations regarding the documentation and storage of ultrasound studies 
include: 


e Providing a mechanism for the retrieval and storage of images and reports of all 
studies performed. 
e Storing ultrasound images and the report on a secure recording media. 
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e The report and the information included on the images should meet or exceed the 
standards promulgated by accreditation organizations such as the AIUM 

e Ultrasound images and a report from the interpreting physician must be main- 
tained in a readily accessible fashion for comparison and consultation. 

e Recording media must have a shelf life compatible with the minimum number 
of years, required by law, for the maintenance of patient records. In most states, 
this will be for at least 7 years after the patient’s last examination was performed; 
however, these requirements vary from state to state. For pediatric patients, the 
recommended period is (until patient has reached age 21)? 

e Images and the reports pertaining to them are considered protected health infor- 
mation and are subject to the regulations of the Health Insurance Portability and 
Accountability Act of 1996. 


Federal and State Regulatory Requirements for Document Storage 


Federal and state regulatory requirements must be implemented for storage of 
patient studies. These include the Health Insurance Portability and Accountability 
Act of 1996 (HIPAA) [5, 6], HiTech Act of 2009 [7], possibly FDA regulations 
Title 21 CFR Part 1270 if human tissue is also being stored as part of the procedure, 
Subpart C [8], plus State regulations by the Department of Health. 


Specific Ultrasound Protocols 


To assist the urologic sonographer in developing a systematic way to scan a par- 
ticular organ system, I present the following set of ultrasound protocols. There is 
no “correct” way to perform a scan. Many alternative approaches exist. However, 
I strongly believe that having an organized approach will allow the sonographer to 
perform a comprehensive and expeditious exam that will provide optimum patient 
care. What follows represents one urologist’s approach and should be used as a 
guideline for the novice and as a point of reference for the more experienced so- 
nographer. Protocols for quick reference and templates for data entry are provided 
(Appendix). Many practices incorporate the templates as part of their electronic 
medical record. 


Scrotal 


Scanning Protocol and Technique 


The patient is examined in the supine position. There are several different tech- 
niques to support the scrotum. The easiest is to use the patient’s legs for support. 
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Other approaches use towels placed across the patient’s thighs or under the scrotum. 
The phallus is positioned up on the pubis held by the patient and/or covered by a 
towel. 


Transducer Selection 


High frequency (7.5—18 MHz) linear array transducers are most often used for scro- 
tal scanning. Broad bandwidth transducers allow for multiple focal zones, eliminat- 
ing the need for adjustment during the examination. Multiple frequency transducers 
allow the transducer to be set at one of several distinct frequencies. A linear array 
probe with a “footprint” able to measure the longitudinal length of testis is ideal. A 
curved array probe can be used when there is a thickened scrotal wall or in the pres- 
ence of scrotal edema or for large testis. The curved array transducer is also useful 
to compare echogenicity of the testes. However, the frequency is usually lower, 
resulting in a less detailed image. Color and spectral Doppler are becoming essen- 
tial elements of scrotal ultrasound because they provide documentation of normal 
testicular blood flow and paratesticular findings. 


Survey Scan 


Evaluation of the scrotal contents begins with a longitudinal survey scan, progress- 
ing medial to lateral to get an overall impression of the testis and paratesticular 
structures. The standard orientation of the image should be with the superior pole to 
the left and the inferior pole to the right on the monitor screen. If the testis is larger 
than the footprint of the transducer it is difficult to visualize the entire mid sagittal 
testis in a single image. It separately documents views of the superior and inferior 
portions of the testis including the epididymis in these regions. At least one image 
should visualize both testes to document the presence of two testes. In addition, a 
lateral and medial view of each testis should be documented. 

The transverse view is obtained by rotating the transducer 90° counterclockwise. 
The standard orientation for the right testis is to have the lateral aspect to the left and 
the medial aspect to the right. Conversely, for the left testis, the lateral aspect should 
be to the right and the medial aspect to the left. Using the mid-testis as a starting 
point of the survey scan, proceed first toward the superior pole then back to the mid- 
testis before scanning the inferior pole. Measurements of width and AP dimensions 
are taken and documented at the mid-testis. A measurement should also be made of 
the long axis at the mid-testis together with the mid-transverse AP measurement. 
Testicular volume is than calculated from these measurements. If the equipment be- 
ing used has split-screen capabilities, comparative views of echogenicity and blood 
flow can easily be made and documented. 
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Transverse 


Right Testis Left Testis 


Fig. 1 Image showing both testes (single screen) 


The use of color Doppler imaging should be considered an integral part of the 
scrotal ultrasound exam. Many inflammatory, neoplastic, and benign conditions 
have characteristic flow patterns that can assist in diagnosis. 


Protocol for Scrotal Ultrasound 


Noted on Report 


e Indication for procedure should include both diagnosis code and description to 
document medical necessity. 

e Transducer: Transducer type, frequency and size (e.g., 50 mm, 12—18 MHz lin- 
ear array transducer). 

e Report must be signed by Physician (within 24 h). 


Please note: if all components of the exam are not seen then the report should docu- 
ment that that component was “Not Seen” and why. 


1. Image showing both testes (single screen) Fig. | 
2. Video clip of survey scan of the left testicle (longitudinal and transverse) 
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Fig. 2 Left testicular measurements with the split screen: longitudinal view on left and transverse 
view on right 


Right Testis 


Fig. 3 Right testicular measurements with the split screen: longitudinal view on /eft and transverse 
view on the right of the screen 


3. Left testicular measurements with the split screen: longitudinal view on left and 
transverse view on right (Fig. 2 

4. Video clip of survey scan of the right testicle (longitudinal and transverse) 

5. Right testicular measurements with the split screen: longitudinal view on left and 
transverse view on the right of the screen (Fig. 3) 

6. Skin thickness measured (if abnormal) 
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Right Left 


Epididymis 


Fig. 4 Epididymis #1: epididymal head, right and left side, split screen: right testis on left of 
screen and left testis on right of screen 


Split Screen (laterality is when looking at screen) 


7. 


EPIDIDYMIS #1: epididymal head, right and left side, split screen: right testis 
on left of screen and left testis on right of screen (Fig. 4) 


. EPIDIDYMIS #2: Epididymal body, right and left side, split screen: right epidid- 


ymal body on left of screen and left epididymal body on right of screen (Fig. 5) 


. EPIDIDYMIS #3: Epididymal tail, right and left side, split screen: right epididy- 


mal body on left of screen and left epididymal body on right of screen (Fig. 6) 


. Lateral view of the left and right testis: right testis on left of screen and left 


testis on right of screen (Fig. 7) 


. Medial view of the left and right testis: right testis on left of screen and left 


testis on right of screen (Fig. 8) 


. Upper (superior pole) view of the left and right testis: right testis on left of 


screen and left testis on right of screen (Fig. 9) 


. Lower (inferior pole) view of the left and right testis: right testis on left of 


screen and left testis on right of screen (Fig. 10) 


Color Doppler 


14. 


Intratesticular blood flow pattern. Split screen of longitudinal view of both 
testes with the right testis on left of screen and left testis on right of screen 
(Fig. 11). 
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Right 


Epididymis 


Fig. 5 Epididymis #2: epididymal body, right and left side, split screen: right epididymal body on 
left of screen and left epididymal body on right of screen 


Right Left 


Epididymis 


Fig. 6 Epididymis #3: epididymal tail, right and left side, split screen: right epididymal body on 
left of screen and left epididymal body on right of screen 
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Fig. 7 Lateral view of the left and right testis: right testis on left of screen and left testis on right 
of screen 


Fig. 8 Medial view of the left and right testis: right testis on /eft of screen and left testis on right 
of screen 


15. A single screen transverse view of both testes for comparative intratesticular 
blood flow (Fig. 12). 

16. Varicocele evaluation #1. Longitudinal split screen of spermatochord superior 
to the testis with the right spermatochord on left of screen and left spermato- 
chord on right of screen. Measurement of inner diameter of largest vein and 
width of entire complex (Fig. 13). 
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Fig. 9 Upper (superior pole) 
view of the left and right 
testis: right testis on left of 
screen and left testis on right 
of screen 


17. Varicocele evaluation #2. Longitudinal split screen of spermatochord posterior 
to the testis with the right spermatochord on left of screen and left spermato- 
chord on right of screen. Measurement of inner diameter of largest vein and 
width of entire complex (Fig. 14). 

18. Optional: Varicocele evaluation #3. Transverse split screen of spermatochord 
posterior to the testis with the right spermatochord on left of screen and left 


Right Left 


Fig. 10 Lower (inferior pole) view of the left and right testis: right testis on left of screen and left 
testis on right of screen 
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Right 


Lateral 


Fig. 11 Split screen of longitudinal view of both testes with the right testis on left of screen and 
left testis on right of screen 


Right Left 
Medial 


Fig. 12 A single screen transverse view of both testes for comparative intratesticular blood flow 


spermatochord on right of screen. Measurement of inner diameter of largest 
vein and width of entire complex (Fig. 15). 


Spectral Doppler 


19. Evaluate a left intratesticular artery with PSA, EDV, RI, and AT (acceleration 
time) at the upper, middle, and lower pole of the testis (Fig. 16a—c). 

20. Evaluate a right intratesticular artery with PSA, EDV, RI, and AT (acceleration 
time) at the upper, middle, and lower pole of the testis (Fig. 17a—c) 
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Fig. 13 Longitudinal split screen of spermatochord superior to the testis with the right spermato- 
chord on left of screen and left spermatochord on right of screen 


Fig. 14 Longitudinal split screen of spermatochord posterior to the testis with the right spermato- 
chord on /eft of screen and left spermatochord on right of screen 
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Left 


Fig. 15 Transverse split screen of spermatochord posterior to the testis with the right spermato- 
chord on /eft of screen and left spermatochord on right of screen 


Additional Images: 


21. Consider cine loops (video) of kidneys if varicoceles present. This is particularly 
important in the following situations: (1) varicoceles do not decrease in size in 
the supine position or no change with valsalva, (2) solitary right varicocele, (3) 
large varicoceles, (4) Recurrent varicoceles, and (5) bilateral varicoceles. 


Penile Ultrasound 


Patient Preparation 


The patient should lay comfortably on the examination table in a supine position 
with legs together providing support for the external genitalia. An alternative posi- 
tion is dorsal lithotomy with the penis lying on the anterior abdominal wall. Regard- 
less of patient position preferred, the area of interest should remain undraped for 
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Fig. 16 Evaluation of a left intratesticular artery with psa, edv, ri, and at (acceleration time) at the 
upper (a), middle (b), and lower (c) pole of the testis 


the duration of the examination, but care should be taken to cover the remainder of 
the patient as completely as possible including the abdomen, torso, and lower ex- 
tremities. Ample amounts of ultrasonographic acoustic gel should be used between 
the transducer probe and the surface of the penis to allow for high quality images 
without acoustic interruption. 


Routine Survey Scan 


As with other ultrasound exams, penile ultrasound uses specific scanning techniques 
and images targeting the clinical indication prompting the study. Irrespective of the 
indication for penile ultrasound, routine scanning during penile ultrasound should 
obtain both transverse and longitudinal views of the penis by placing the transducer 
probe on the dorsal or ventral aspect of the penis. We will present the technique 
using a dorsal approach which we find easier for the flaccid phallus. However, the 
ventral approach is often better with a fully erect phallus. The goal is to visualize the 
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Fig. 17 Evaluation of a right intratesticular artery with psa, edv, ri, and at (acceleration time) at the 
upper (a), middle (b), and lower (c) pole of the testis 


cross-sectional view of the two corpora cavernosa dorsally and the corpus spongio- 
sum ventrally at different points along the length of the penis from the base of the 
penile shaft scanning distally toward the glans penis. 

The corpora cavernosa appear dorsally, as two homogeneously hypoechoic cir- 
cular structures, each surrounded by a thin (usually less than 2 mm) hyperechoic 
layer representing the tunica albuginea that envelops the corpora. The corpus spon- 
giosum is a ventrally located circular structure with homogeneous echotexture, 
usually more echogenic than the corpora cavernosa. It is well visualized by placing 
the ultrasound transducer probe on either the dorsal or ventral aspect of the penis, 
however, it is easily compressible so minimal pressure should be maintained while 
scanning. For routine anatomic scanning of the penis with ultrasound, all three cor- 
pora can be sufficiently viewed from a single dorsal aspect obtained image of the 
penile shaft. A survey scan is first performed prior to obtaining static images at the 
proximal (base), mid-portion, and distal (tip) of the corpora cavernosal bodies for 
documentation. The value of the survey scan cannot be over stated. It often provides 
the prospective that is necessary to assure absence of coexisting pathology. In ad- 
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dition, a careful survey scan of the phallus will identify abnormalities of the caver- 
nosal vessels, calcified plaques as well as abnormalities of the spongiosa tissue. All 
abnormalities should be documented with appropriate measurements if applicable, 
in static images. 

Static images recommended as representative views of this initial surveying 
scan are: the transverse view at the base of the penile shaft, at the mid-shaft and at 
the distal shaft just proximal to the corona of the glans penis. Each image shows 
transverse sections of all three corporal bodies. Orientation by convention is for the 
right corporal body to be on the left side of the display while the left corporal body 
is located on the right side of the display. Our preference when viewing a longitu- 
dinal projection is to use a split screen view to compare the right and left corporal 
bodies with measurements of the cavernosal artery diameter taken in this view. We 
keep the orientation constant, with the projection of the right corporal body on the 
left side of the display while the left corporal body is located on the right side of the 
display. Either a dorsal or ventral approach can be used as preferred by the sonogra- 
pher. A flaccid phallus is often best visualized by the dorsal approach while an erect 
phallus by the ventral approach. We have found that imaging of the urethral wall is 
best performed in the erect phallus after pharmacostimulation and fill the distal ure- 
thra by placement of a sterile water soluble gel. We also use a silicone constriction 
ring around the base of the phallus to restrict loss of gel into the bladder. 


Penile Ultrasound Protocol 


Noted on Report 


Indication for Procedure (Diagnosis code should be included to document medical 
necessity) 

Transducer: 12—18 MHz linear array transducer with small footprint 

Report signed by Physician 

Please note: if all components of the exam are not seen then the report should 
document that that component was “Not Seen” and why 


Baseline Study 


e Longitudinal and transverse survey scan of the phallus with video clips. This 
should include views of both corpora cavernosa and corpora spongiosum 

e Split screen base (proximal), mid and distal view of phallus in transverse plane. 
This should include views of both corpora cavernosa and corpora spongiosum 
(Figs. 18 and 19a, b). 

e Measure height and width of each corpora in Figs. 18 and 19a, b. 
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Base Mid Da m. 


Transverse Phallus 


Fig. 18 Split screen base (proximal), mid and distal view of phallus in transverse plane 


Fig. 19 Split screen base (proximal), mid and distal view of phallus in transverse plane 


184 B. R. Gilbert 


Dist 1 0.50 mm Dist 2 0.37 mm 


Fig. 20 Split screen longitudinal views of both corpora cavernosa and corpora spongiosum 


e Split screen longitudinal views of both corpora cavernosa and corpora spon- 
giosum. This should include views of left and right corpora cavernosal artery 
(Fig. 20). 

e Baseline spectral Doppler waveform (with PSV, EDV, RI, and optional measure- 
ments (e.g., acceleration time, pulsatility index) and inner diameter measure- 
ments of longitudinal views of both Left and Right Cavernosal Artery Fig. 21a, b. 

e Document abnormalities (e.g., altered echogencity, plaques, calcifications, cor- 
pora tears) in both transverse and longitudinal projections with measurements 
(Figs. 22a, b and 23). 
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Fig. 21 Baseline spectral Doppler waveform (with PSV, EDV, RI, and optional measurements 
(e.g., acceleration time, pulsatility index) and inner diameter measurements of longitudinal views 
of both left (b) and right (a) cavernosal artery 


mid Phallus 


Right Left 


mid Transverse 


Transverse Longitudinal 


Fig. 22 Document abnormalities (e.g., altered echogencity, plaques, calcifications, corpora tears) 
in both transverse and longitudinal projections with measurements 


Penile Study for Vascular Integrity 


Technical pointers for Spectra Doppler: 


1. Make sure angle of incidence is less than 60°. 
2. PSV and EDV measure with at least three waveforms 
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Fig. 23 Document abnormal- 
ities (e.g., altered echogenc- 
ity, plaques, calcifications, 
corpora tears) in both trans- 
verse and longitudinal projec- 
tions with measurements 


Phallus 
Transverse 


Post-injection spectral Doppler analysis of the left and right cavernosal artery (per- 
formed every 5 min giving an additional medication injection every 10 min, if in- 
dicated) (Fig. 24a, b): 


Spectral Doppler waveform (with PSV, EDV, RI, and optional measurements) 
Inner diameter measurements of Left and Right Cavernosal Artery 

Subjective assessment of tumescence and rigidity 

Split screen base (proximal), mid and distal view of phallus in transverse plane 
with height and width measurements a maximal tumescence (Fig. 25). 


Fig. 24 Post-injection spectral Doppler analysis of the left (a) and right (b) cavernosal artery 
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Fig. 25 Split screen base (proximal), mid and distal view of phallus in transverse plane with height 
and width measurements a maximal tumescence 


End of study is achieved when: 


e RI equal to or greater than 1.0 or, 

e Maximal PSV is reached (i.e., subsequent measurements demonstrate decreasing 
PSV) or 

e Maximal concentration/volume of pharmacologic agent is used. 
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